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L-amino acid oxidase witii cytotoxic activity from Aplysia punctata 



Description 



"TKe "present" inventionr-relates-ta Ta-^ytotoxic~polypeptide-whfclv is- an 
L-amino acid oxidase isolated from thie inic of the sea hare Aplysia 
punctata. 



The sea hare Aplysia produces a pink-coloured ink, which has cytotoxic 
activity towards several eukaryotic cell lines. W097/16457 discloses a 
partial sequence from an Aplysia protein, which allegedly has anti-tumor 
activity. Cyplasin L (558 aa, NCBI accession number 11967690) and 
cyplasin S (421 aa, 11967688; Petzelt and Werner, 2001, Cell Biology 
International, 25(2) :A23) both include parts of sequences disclosed in WO 
97/16457. Cyplasin S exhibits 95% sequence identity to cyplasin L. 
Cyplasin L is produced in the nidamental gland but neither in the ink gland 
(including the mantle region) nor in the opaline gland of Aplysia punctata. 
Thus, it is concluded that cyplasin is not a component of Aplysia ink and is 
not responsible for the cytotoxic activity of the Aplysia ink. A detailed 
description of Aplysia anatomy and a dissection guide can be found in the 
internet in Richard Fox, Invertebrate anatomy (1994, 
http://www.science.lander.edu/rsfox/). 

The overall aim in tumor therapy is the selective eradication of transformed 
cells without harming healthy cells. Several glycoproteins isolated from sea 
hares (Aplysia species) have attracted attention because of their anti-tumor 
activity, e.g. aplysianin A from Aplysia kurodai, or cyplasins. The 
underlying mechanism for such activity has however not been elucidated 
so far. Recombinant intracellular cyplasins seem to be non-toxic, whereas 
the extracellular cyplasin is cytotoxic (Petzelt et al.. Neoplasia, 4:49-59, 
2002). 



wo 02/31 144 discloses a further cytotoxic factor isolated from the ink of 
Aplysia punctata. Fragments of the amino acid sequence of the factor are 
disclosed. No data were presented demonstrating that this factor has any 
oxidase function or has any properties related to an oxidase. 

At least two main phenotypes of cell death are described: apoptosis, a 
genetically fixed physiological form of cell death, is- accompanied by 
shrinkage,, membrane blebbing, nuclear fragmentation, and final 
disintegration into so-called apoptotic bodies. In contrast, necrosis is a 
pathological process characterized by membrane disruption and cell 
swelling. Cell death induced by reactive oxygen and nitrogen species 
(ROS/NOS) might lead to apoptosis and necrosis but also to other forms of 
cell death, which cannot be clearly assigned to one of these main forms of 
cell death. 



The cytotoxic factors derived from the sea hares so far have several 
disadvantages which might hamper its application. The biological function 
and the nature of the cytotoxic activity, which are prerequisites for the 
development of a lead compound, are not known so far. Aplysianin A 
contains a dinucleotide binding fold and the so-called "QG motif" which are 
found in many flavoproteins. The GG motif has also been described in 
cyplasins (Petzelt et al., supra). Based on this knowledge, the factors can 
be applied in Its entirety only, because the domains relevant for proper 
function and cellular i^eceptprs are unknown. The administration of an 
entire non-self protein to an animal or a human might cause severe 
immunoiogic complications. 

The dinucleotide binding fold and the GG motif are found e.g. within the 
N-terminal domain of FAD containing enzymes (e.g. reductases, 
dehydrogenases, hydroxylases, peroxidases, and oxidases), FAD 
containing enzymes can be classified into five groups GR1, GR2, FR 
PCMH, and PO according to the sequences of their FAD binding domains 
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and additional conserved sequence motifs (Dym and Eisenberg, Protein 
Science, 10:1712-1728, 2001). The consensus sequence of GRl and GR2 
is GxGxxG. The GG motif RhGGRhxxT/S is commonly found in oxidases, 
e.g. L-amino acid oxidases, monoamine oxidases, polyamine oxidases, and 
...PiL*''®s.^.'P.?.?x!das^^^^^^^ any amino acid, and h describes 
a hydrophobic amino acid. 

L-amino acid oxidases catalyse the formation of HjOa, ammonia, and an 
alpha keto acid from an amino acid in the presence of oxygen and H2O 
(Geyer et al, 2001, Eur. J. Biochem. 268, 4044-4053). An L-lysine alpha 
oxidase (EC 1.4.3.14) for instance can be obtained from the fungus 
Trichodenna spec. (Kusakabe et al., J. Biol. Chem. 10:976-981, 1980) 
which shows antimetastatic effects (Umanskii et al., Biull Eksp Biol Med. 
1 09:458-9, 1 990, Khaduev et al., Biull Eksp Biol Med. 1 1 2:41 9-22, 1 991 ) . 
The Trichoderma L-lysine oxidase is a dimer with a molecular weight of 
112-119 kDa. A further L-lysine oxidase obtained from the fish Chub 
mackerel is a dimer and has a molecular weight of 1 35 kDa (Jung et al., J. 
Immunol. 165:1491-1497, 2000) and induces apoptosis. Apoxin is an 
L-leucin oxidase from the rattlesnake (Crotalus atrox) venom which induces 
apoptosis in tumor cells and vascular endothelial cells in vitro (Torii et al., 
J. Biol. Chem. 272:9539-9542, 1997). A cytotoxic L-lysine alpha oxidase 
is described in the art which penetrates into Jurkat cells and there 
activates oxidative deamination of L-Iysine and correspondingly the 
peroxide formation. Cohjugates of the enzyme with monoclonal antibodies 
against the CDS receptor cannot penetrate into the cells and are assumed 
to produce toxic H2O2 outside the ceils. The conjugates have a reduced 
cytotoxic effect, although the effect of conjugation upon enzymatic activity 
is negligible (Zhukova et al., Vopr Med Khim 2001, 47:588-592). Another 
L-lysine oxidase obtained from the snail Achatina fulica and producing H2O2 
is found to have an antimicrobial effect. This oxidase might be useful as an 
agent against pathogenic bacteria (Ehare et al., 2002, FEBS Letters, 
531:509-512). 
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Most known alpha amino acid oxidases which produce H.O^ possess a 
broad substrate specificity. The L-iysine aipha oxidase fron, Trichodem,. 
v,nde ,EC 1.4.3.14, Kusaicabe et a,., supra, is speciflc ,or iysine. but aiso 
ox.d,«s L^mithlne, L-phenyialanine. L-tyrosine. L-arglnine. and L-histidina 

AJ400781.- Jung et a... supra, is specific ,or lysine and in addition 
transforms arginine. histidln. leucine, me«,lonine. ph«,yl.lanlne, end 
ornithine (speclflty 40 fold reduced). Even if these enzymes could be 
cytotoxic due to their ability to produce H,0„ a therapeutic use is 
hampered because substrates of these enzymes are available In the body 
fluid in amounts sufficient to release H,0, everywhere In the body Under 
these conditions, possible negative side effects of H,0, are difficult to 
eliminate. 

Thus, the problem underiying the present Invention is the provision of a 
means for selective generabon of H,0, in targe, tissues, e.g. in «,mor 
tissues with less toxic side effects upon normal cells. The aoluUon is a 
cytotoxic polypeptide which can be isolated from the Ink of the sea hare 
^PlysU. puncu,t. and which is a specific L-lysine and/or L,argi„ine oxidase 
producing H,0, or a fragment or derivative of seid polypeptide. The activity 
of the enzyme can be modulated be administration of substrate. The 
enzyme provides a lead structure, and It can be used for target 
Identification. 

A firs, aspect of the present invention is a purified polypeptide which 
exhibits cytotoxic activity on tumor cells and which comprises the amino 
acid sequence shown In SEQ 10 N0:2. 4. or 6. or a cytotoxic fragment 
thereof. These sequences are derived from a cytotoxic 60 kDa protein 
punfied from crude Ink of Aplysia punctate via anion exchange 
chromatography and gel filtration (see examples 1 and 4,. Thus, the 
polypeptide or the fragment is termed APiT iAplysia punctata ink toxin) 



The purity of the fractions can be determined by SDS-PAGE and silver 
staining. 

The cytotoxic activity of ART or the diluted crude ink can be measured by 
.^l^*^® metabolic activity of eukaryotic cells. A person skilled 
In the art knows suitable methods and cell lines. For exarnpler~the 
metabolic activity of Jurkat T celis can be measured by the addition of 
WST-1 , which is a tetrazolium salt converted by cellular enzymes of viable 
cells, e.g. by the mitochondrial dehydrogenase, to a dark red formazan. 
Therefore, the amount of formazan correlates with cell vitality. Formazan 
can be determined photometrically at 450 nm. Further, dead eukaryotic 
cells killed by APIT or the diluted crude ink can be counted by adding 
propidium iodide (PI) at 1 pg/ml in PBS and subsequent flow cytometer 
analysis. PI is a DNA binding dye which is taken up by dead ceils with 
permeable membranes. 

The cytotoxic activity of APIT is reduced by at least 70% after 10 min 
incubation at 60 'C. At 70 'C, the activity is almost absent, whereas 0*C 
to 50 'C have no effect upon the activity. APIT shows a loss of activity 
with decrease of pH, with complete inactivation after 10 min 
pre-incubatlon at pH 3. After 30 min treatment with 6 M urea, the activity 
of APIT is almost unaffected. At 8M urea, the activity is reduced by about 
50% (example 3). 

Tumor cells treated with APIT displays a morphology which is neither 
typical for apoptosis nor for necrosis but rather is typical for oxidative 
damage induced cell death. Shrunken nuclei and lack of cell swelling are 
apoptotic, and early membrane permeabilization is a necrotic characteristic 
(example 2). The phenotype Induced by APIT could be reproduced in 
Jurkat cells by treatment of the cells with concentrations of HaOj > 200 
//M, indicating that H2O2 is the active compound in APIT cytotoxic effect. 
H2O2 concentrations <100//M induced apoptosis in Jurkat celis. 
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By depriving possible substrates which can be converted into H^O^ from 
the culture medium of the tumor cells, it can be demonstrated that no 
further toxic effect of APIT upon tumor cells Is present. Deprivation of 
L-lysine and L-arginine from the medium prevents cell death completely. In 
5 a detailed analysis of the enzymatic activity of APIT, media containing 
single amino acids (20 L-amino acids, D-lysine) confirmed that L-lysine 
and/or L-arginlne is converted into H^O^ and the respective alpha keto acid 
to the same extent, whereas no conversion could be measured with any 
other of the remaining 18 L-amino acids and D-lysine (example 7). The 

10 production of H^O^ is independent of the presence of cells, however, the 
presence of cells reduces the amount of free H^Oj, which might be due to 
detoxification of the medium by the cells. Catalase (a H2O2 hydrolyzing 
enzyme) prevents tumor cell death induced by purified APIT and by crude 
ink as well, confirming the conclusion that H^O^ is responsible for the ink 

15 mediated killing of tumor cells (example 6). 



20 



25 



In summary, the data demonstrate that the polypeptide of SEQ \D NO:2, 4, 
or 6 (APIT) is an oxidase which is capable to produce H2O2. Particularly, 
the polypeptide is an alpha amino acid oxidase. More particularly, the 
polypeptide specifically converts L-lyslne and/or L-arginine in the presence 
of O2 and H2O into an alpha keto acid, ammonia, and H^O^. Thus, the 
polypeptide is preferably an L-lysine and/or L-arginine oxidase. 

A characteristic feature of the active fractions containing APIT purified 
from crude ink were two absorption maxima at 390 nm and 470 nm, a 
hallmark of flavoproteins. A flavine nucleoside, particulariy FAD is required 
as a co-factor for the anti-tumor and oxidase activity of APIT as removal of 
FAD inactivated APIT (example 5). 



30 



Analysis of the sequences SEQ ID N0:2, 4, and 6 revealed that APIT 
comprises a sequence similar to known dinucleotide binding folds which 
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are characteristic for flavoproteins (Fig. 4c). The GG-motif (consensus 
sequence RhGGRhxT/S) is found adjacent to the dinucleotide binding fold. 

A further aspect of the present invention is a polypeptide comprising a 
polypeptides of the sequences of SEQ ID N0:2, 4, or 6 
which can be used as a lead structure for drug developmerit. ART can be 
digested by a protease without loss of activity. Digestion leaves the 
substrate specifity unaltered. Thus, the fragment exhibiting cytotoxic 
activity is an L-lysine and/or L-arginine oxidase. Preferably, proteinase K is 
used which is a relative unspeclfic protease resulting in small fragments. 
Other proteases which can be selected among specific or unspecific 
proteases known by a person skilled in the art can be used instead of 
proteinase K. The cytotoxic proteinase resistant domain of APIT is of 
particular importance for the development of a non-immunogenic, fully 
active small compound. 



Further preferred fragments comprise partial amino acid sequences of APIT 

which are obtained by peptide mass fingerprinting, ESI/MS, and Edman 

degradation: 

DQ{I/V)CRNRRQ 

DSGLDIAVFEYSDR, VFEYSDR 

LFXYQLPNTPDVNLEI (X = T In SEQ ID N0:2, 4 and 6) 

VISELQLTPK 

GDVPYDLSPEEK 

VILAXPVYALN (X = M in SEQ ID NO:2, 4 and 6) 

ATQAYAAVRPIPASK 

VFMTFDQP 

SDALFFQMYD (FFQ is FSQ in SEQ ID NO:2, 4 and 6) 
SEASQDYILIASYADGLK 

NQGEDIPGSDPQYNQVTEPLK (PQY is PGY in SEQ ID NO:2, 4 and 6) 
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While not wishing ,o be bound by theory, the FAD group whloh is tightly 
bound to the emino aoid.ohein. e.g. by a oovalent bond, might oover 
possible protease oleavage sites. Thus, protease treatment results in a 
fragment comprising the aotive centre of the enzyme, including .he 
prosthetic group FAD. This conclusion is confirmed by the finding that 
native APIT cannot be cleaved by trypsin, but trypsin can digest 
denaturated APIT. 



Thus, an especially preferred fragment of APIT which is an oxidase 
exhibiting cy«,toxic activity ^s a sequence comprising the dinucleotide 
brnding fold and the QQ motif corresponding to amino acid residues No 39 
to 77 in SEQ .D N0:2. This sequence is identical to the sequence of amino 
acid residues No. 38 to 76 in SEQ ID N0:4 and Nc. 21 to 59 in SEQ ID 
NO:6. More preferably, the fragment has an L-lysine and/or an L-arginin. 
oxidase activity. 

Further, the fragment can comprise a stretch of additional amino acid 
residues which may be selected from SEQ ID N0:2 or 4 f„,m the 
sequences adjacent to the residues No. 39 to 77 in SEQ ID NO:2 or No 38 
to 76 in SEQ ID NO:4. Preferably, 1-20 additional amino acid can be 
present at tile N-terminus and/or the C-termlnus. More preferably l-io 
additional amino acid can be present at ti,. N-terminus and/or tt,e 
Cterminus. IVIost preferably, 1-S additional amino acid can be present. 

A further aspect are polypeptides which ere homologous to the 
polypeptides of SEO ,D N0.2, 4, or 6, or to fragments thereof, which have 
an .dentity of at leas. 70%, preferably at least 80%, more preferably at 
least 90%, or most preferably at least 95%. SEQ ID NO- 2 4 or 6 
describe natural variations of APIT by repiacemente of single amino' acids 
not affecting its function. In fur«,er 1 1 clones, four mutations were found 
within the sequence comprising ti,e dinucleotide binding fold and the GG 
motif (PCS. 39 to 77 in SEQ ID NO:2, see example 4). Taking into account 



- 9 - 

that a fragment obtained by proteolytic digestion is still active as a L-lysine 
and/or L-arginlne oxidase, it can be expected that further modifications of 
the sequence, e.g. by amino acid substitutions, deletions and/or insertions 
will not substantially affect the function of ART. A modified sequence 

—5 exWbJts an ide^^^^^^^ at least 70%, more preferably at least 

80% and most preferably at least 90% to a reference sequencere^grSEcT 
ID NO:2. Preferably, the sequence of Pos. 39 to 77 in SEQ ID NO;2 has a 
higher degree of identity to the reference sequence than the total amino 
acid sequence, e.g. preferably at least 33 of 39 amino acid residues (at 
10 least about 85 %) , more preferably 35 of 39 residues (at least about 90 %) , 
and most preferably 37 of 39 residues (at least about 95%). 

A still further aspect is a polypeptide of the present invention as described 
above which Is a recombinant polypeptide. The recombinant polypeptide is 

16 characterized as being manufactured in a heterologous, i.e. non-AplysIa 
host cell, e.g. in a bacterial ceil such as E. coli or Bacillus, in a yeast cell 
such as saccharomyces cerevisiae. In an insect cell or in a mammalian cell. 
The recombinant polypeptide has preferably an oxidase, or, more 
preferably, an L-lysine and/or an L-arginine oxidase activity. Expression of 

20 the polypeptide can be done by standard expression systems known by a 
person skilled In the art. For proper enzymatic function, the prosthetic 
group FAD may have to be introduced into the polypeptide. 

The protein of the invention or a fragment thereof may be in the form of a 
25 fusion protein, i.e. fused to heterologous peptide or polypeptide sequences. 
Preferably fusion proteins are genetic fusions, wherein the nucleic acid 
sequence encoding a protein or a protein fragment as described above is 
fused to a nucleic acid sequence encoding a heterologous peptide or 
. polypeptide sequence. The heterologous peptide or polypeptide sequence 
30 may be selected from signal sequences, which provide desired processing 
and/or transport in a host cell. The signal sequence is preferably located at 
the N- and/or C-terminus of the APIT sequence. Further examples of 
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heterologous sequences are domains which assist expression in host cells 
and/or purification fron, celMar extracts or culture media. Still further 
examples of heterologous sequences are targeting sequences which may 
d,rect the APIT polypeptide to a desired target site. e.g. in an organism 
Su«able targeting sequences may be e.g. single chain antibodies, which 
may be directed against tumor speciflc antigens or proteinaceous ligand 
sequences, which may be directed against tumor specific receph.rs. 

A furtiier aspect of the present invention is a nucleic acid coding for the 
polypeptide as described above. The total mRNA of the mantie gland the 
mdamental gland, digestive gland, and the opaline gland can be 
prepared by standard methods. The mRNA can be reverse transcribed 
using the tagged oilgo dT oligonucleotide (Ollgo 1, Rg. 4b). The tag Is a 
random sequence not expected to be present within Aplysia mRNA to be 
reverse transcribed. PCR can be performed using the degenerated primer 
OI,go 2) dernred from the APIT peptide VFEYSDR and the specific primer 
(Ohgo 3) directed against the tag sequence of ti,e ollgo dT primer Ollgo 1 
The amplified sequence can be cloned inu, , standard vector and can be 
sequenced by standard techniques. By ti,ls strategy, the 3- terminal 
sequence of the APIT gene can be obtained. The 5' ..m*,al sequence can 
be Chained by ti,e RACE strategy. The. mRNA from selected tissues (see 
above) « reverse transcribed using an oligonucleotide derived from the 
known 3- terminal sequence (e.g. Oligo 4. or Ollgo 6) and can be treated 
w«h a ,em,inal transferase in ti,e presence of CTP, resulting in a 
3 -poly-C-sequence (at the minus strand). PCR can be perfom»d using a 
tagged primer against the poly-C-sequence (Oligo S) and a specific 
e.g. Oligo 4. or Oilgo 6. The amplified product can be cloned" and 
sequenced by standard techniques. Finally, for obtaining fulHength cDNA 
Clones, specific primers. e.g. OHgo 8 and Ollgo 9 can be used. By this 
strategy, three different clones were obtained and sequenced The 
nucleotide sequences are described in SEQ. ID. No.1, 3, and 6 which are 



identical to 97% (1560 of 1608) of the nucleotides. 42 of 48 mutations 
' are silent mutations which have no effect upon the amino acid sequence. 

By this strategy, further clones of APIT can be obtained which might have 
a differing sequence. Since more than ten sequences of APIT are known, 
specific or degenerated primers may be selected from these sequences, 
and new clones can be obtained by a single PCR of reverse transcribed 
mRNA. 

Thus, the nucleic acid encoding a polypeptide as specified above preferably 
comprises 

(a) a nucleotide sequence as shown in SEQ ID N0:1 , 3, or 5, or at least 
the polypeptide coding portion thereof, or the complement thereof, 
or 

(b) a nucleotide sequence corresponding to the sequence of (a) within 
the scope of degeneracy of the genetic code, or the complement 
thereof, or 

(c) a nucleotide sequence hybridizing under stringent condition with the 
sequence of (a) and/or (b), or 

(d) a nucleotide sequence which is homologous to the sequences of (a) 
and/or (b). 

The nucleic acid may be a single stranded or double stranded nucleic acid 
(DNA or RNA). The nucleic acid is obtainable from natural sources e.g. 
from Aplysia by extraction of RNA, construction of cDNA libraries and 
screening of the library using degenerated oligonucleotides which were 
deduced from the peptide sequences described above. The nucleic acid is 
further obtainable by RT-PCR using RNA extracted from Aplysia and 
oligo-dT-primers or degenerated primers. On the other hand, the nucleic 
acid is obtainable by chemical synthesis. 
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Hybrldlzatlon under stringent conditions preferably means that after 
washing for 1 h with 1 x SSC and 0.1 o/„ SDS at 55 'C, preferably at 62 "C 
and more preferably at 68'C, particularly after washing for 1 h with 0 2 x 
SSC and 0.1 o/o SDS at 56' C. preferably at 62-C and more preferably at 
5 68 C, a hybridization signal is detected. 

The degree of identitiy of the nucleic acid is at least 70%. preferably at 
least 80%, more preferably at least 90%, and most preferably at least 
95% to a reference sequence, e.g. SEQ ID NO: 1, 3 or 5. 

0 

Further, the nucleic acid encoding a cytotoxic polypeptide can comprise a 
partial sequence of the nucleotide sequence as disclosed in SEQ ID NO:1, 
3, or 5. Preferably, the partial sequence is selected from nucleotide No.' 
1 1 5 to 231 in SEQ ID NO: 1 , or nucleotide No. 1 1 2 to 228 in SEQ ID NO:3, 

5 or nucleic acid residue No. 61 to 177 in SEQ ID N0:5, or the partial 
sequence codes for at least one of the eleven fragments of APIT obtained 
by peptide mass fingerprinting, ESI/MS, and Edman degradation. Further, 
the partial sequence can comprise a stretch of additional nucleotides 
selected from the sequences adjacent to the sequence selected from SEQ 

> ID NO:1, 3, or 5. Preferably, 1-60 additional nucleotides can be present at 
the 5' and/or the 3'-termlnus. More preferably, 1-30 additional nucleotides 
can be present at the 5' and/or the 3'-terminus. Most preferably, I-IQ 
additional nucleotides can be present at the 5' and/or the 3'-terminus. 

Furthermore, the nucleic acid may encode a fusion polypeptide as 
described above. 
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In a preferred embodiment of the invention the nucleic acid is operatively 
linked to an expression control sequence, e.g. a sequence which is capable 
of directing expression in a suitable host cell, e.g. a prokaryotic or 
eukaryotic host cell. The expression control sequence usually comprises a 
promoter and optionally operator or enhancer sequences which enable a 
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transcription of the nucleic acid operatively linlced thereto. Furthermore, the 
expression control sequence may contain a translation signal, e.g. a 
ribosome binding sequence. 

_ Ji^® .".4pJ.®'?.„^.?l^_°t.!^^^ "lav be a recombinant vector 

which contains in addition usual vector sequences such as an origin 
replication, a selection marker gene and/or a cloning site. Examples of 
suitable vectors such as plasmids, phages or viral vectors are known to the 
skilled person and are described e.g. in Sambrook et al.. Molecular Cloning, 

I A Laboratory Manual (2nd ed. 1998), Cold Spring Harbor, Laboratory 
Press. 
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A further aspect of the present invention is a recombinant cell transformed 
or transfected with a nucleic acid as described above. The recombinant cell 
may be a prokaryotic cell, e.g. a gram-negative prokaryotic cell such as E. 
coll or an eukaryotic cell, e.g. an Insect cell or a vertebrate ceil such as a 
mammalian cell. Techniques for transforming or transfecting host cells with 
nucleic acids are known to the skilled person and e.g. described in 
Sambrook et al., supra. 



Still a further subject matter of the present invention is an antibody 
directed against the polypeptide as described above. The antibody may 
inhibit the cytotoxic activity of the polypeptide. The antibody may be a 
polyclonal or monoclonal antibody or a recombinant antibody, e.g. a 

25 chimeric antibody, a humanized antibody or a single chain antibody. 
Furthermore, the antibody may be an antibody fragment containing the 
antigen-binding site of the antibody, e.g. a Fab fragment. The antibody 
may be obtained by Immunizing suitable experimental animals with an 
Aplysia polypeptide as described above or a partial fragment thereof or a 

30 peptide antigen optionally coupled to a suitable macromolecular carrier 
according to known protocols, e.g. by techniques which are described in 
Borrebaeck, Cari A.K. (Ed,), Antibody engineering (1992), or Clark, M. 
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(Ed.), Protein engineering of antibody molecules for prophylactic and 
therapeutic applications In man (1993). By techniques for producing 
hybndoma cell lines according to Kohler and Milstein monoclonal antibodies 
may be obtained. 

Methods for introducing a prosthetic group into a polypeptide, are known In 
the art. Preferably, the FAD is Introduced by a method comprising surface 
display of the polypeptide on a prokaryotic host, comprising the steps: 

providing a prokaryotic host cell transformed with a nucleic acid 
fusion operatively linked with an expression control sequence, said 
nucleic acid fusion comprising sequences necessary for displaying 
the protein on the outer membrane, and 

culturing the host cell under condition wherein the nucleic acid 
fusion is expressed and the expression product comprising the 
recombinant polypeptide Is displayed on the surface of the host ceil 



(b) 



and 



(c) 



contacting the recombinant polypeptide with FAD under conditions 
wherein FAD combines with the recombinant polypeptide and a 
functional recombinant polypeptide containing the prosthetic group 
Is formed. 



2S 



30 



The nucleic acid fusion may be formed using a nucleic acid sequence as 
described above and further sequences necessary for surface display 
Details describing the prokaryotic host cells, the sequences necessary for 
su.^3ce display of the polypeptide, culture conditions, and the conditions 
under which the recombinant polypeptide is contacted with FAD are 
described In WO 02/070645, which Is Included by reference herein. 

A further aspect of the present invention relates to diagnostic or 
therapeutic applications In humans or animals. The polypeptide, and/or a 
nucleic acid, and/or a recombinant cell, and/or an effector, e.g. an inhibitor 
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or activator of the polypeptide as described above can be used in such 
applications. The polypeptide as described above is able to selectively kill 
tumor cells. For example, T and B leukemia cell lines, a chronic myeloid 
leukemia cell line (K562), cells from an orphan and aggressive 
...L......9.^}^°^^!^°"^^ (Ewings tumor: RDES, A673), a small cell lung cancer cell 

line (GLC4, GLC4/ADR), cervix cancer "(Chang)7 an^ acut^ 
leukemia (THP-1) show an IC50 ^ 10 ng/ml ART. 

Resistance to apoptosis as well as multi drug resistance (MDR) represent 
10 severe problems in cancer therapy. It is therefore of particular interest that 
the polypeptide of the present invention kills apoptosis resistant cell lines 
as well as MDR cancer cell lines to the same extent as their non resistant 
counter parts. Over-expression of apoptosis inhibitors of the Bcl-2 family in 
cancer ceil lines does not protect from APIT mediated ceil death, 
15 confirming that APIT induces cell death in an apoptosis independent way. 
The MDR cell line GLC4/ADR possess almost the same sensitivity to APIT 
(ICgo 10 ng/ml) as the parental cancer line GLC4 does (ICqo 9 ng/ml). 

Thus, the diagnostic or therapeutic application preferably relates to a 
20 method for diagnosis or treatment of hyperproliferative diseases, e.g. 
cancer. More preferably, the method is a method for diagnosis or treatment 
of lung cancer, breast cancer, prostate cancer, colon cancer, cervix cancer, 
uterus cancer, larynx cancer, stomach cancer, liver cancer, Ewings 
sarkoma, acute lymphoid leukemia, acute and chronic myeloid leukemia, 
25 apoptosis resistant leukemia, and/or MDR lung cancer. Moreover otiier 
tumor types can also be treated with the polypeptide, like pancreas cancer, 
gastric cancer, kidney cancer, gliomas, melanomas, chronic lymphoid 
leukemia, and/or lymphoma. Since all cancer cell lines tested (in total 24) 
were effectively killed by APIT, the polypeptide can be used for the 
30 treatment of solid tumors and leukemias in general including apoptosis 
resistant and multi drug resistant cancer forms. 
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A further aspect of the present Invention is a pharmaceutical composition 
comprising the polypeptide of the present Invention as described above In 
a pharmaceutlcally effective amount and optionally together with suitable 
diluents and carriers or kit containing the composition together with other 
active ingredients, e.g. modulators of the polypeptide or other cytostatic or 
cytotoxic agents. The composition can be administered locally or 
systemically by any suitable means, e.g. orally, nasally or by injection (i.v., 
i.p., s.c, or i.m.) to a subject In need thereof. The components of a kit 
which consists of at least two different compositions may be administered 
together or separately, e.g. ^t different times and/or by different routes. 

From many studies it is known that tumor cells have an Increased rate of 
metabolism compared to normal cells. A result of this high metabolic rate 
is a high concentration of reactive oxigen species (ROS, comprising H^O^) 
which originate from oxidative phosphorylation reactions by the electron 
transport chain of the mitochondria. As a consequence ROS detoxification 
reactions are Increased in tumor cells, and interference with detoxification 
has a selective toxic effect on the tumor cells but not on normal cells 
Ukewlse, Increasing the concentration of H,0, by administering the 
polypeptide of the invention in a predetermined amount may overcome the 
detoxification reactions and kill the tumor cells. The level of extra H^O^ 
produced by exogenous APIT does not affect normal cells because of their 
higher tolerance for additional H,0,. An administration of the polypeptide 
In. a varying amount, e.g. a gradually changing, e.g. Increasing amount 
leads to the production of a defined amount of H^O, could thus be used for 
a selective killing of cancer cells. 

The pharmaceutical composition or kit as described above can comprise a 
further component which is a substance capable of modulating the 
cytotoxic acltivlty of the polypeptide. In a pharmaceutlcally effective 
amount and optionally together with suitable diluents, and carriers in FCS 
(100%) at 37-C and 5% CO, which reflect in vivo conditions, or in a 
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medium containing 10% FCS (typical fn vitro conditions) devoid of Uysine 
and L-arginine, the activity of APIT (20 ng/ml) can be dose-dependently 
increased by tine addition of L-lysine in a final concentration of 2 50 
//g/ml. Thus, the high specifity of APIT for L-lysine (and L-arginine) allows 
... .6.„ ...for modulating...the. ..enzymatic., activity. APLT . and_.t^^^^ Its Jp7.t0t0xi.c_ 
activity by providing an additional substrate in vivo or in vitro. The 
substance capable of modulating the cytotoxic activity of the polypeptide 
can be L-lysine, L-arginine, a derivative or metabolic precursor of L-lysine, 
or L-arginine, or a mixture thereof. A derivative is a compound which is an 
10 APIT substrate. A metabolic precursor is a compound, which can be 
metabolized to a compound, which is an APIT substrate. Further, the 
modulator may be selected from flavine nucleosides, particularly FAD, 
since the presence of a flavine nucleoside prosthetic group leads to a great 
Increase in APIT activity. 

15 

The pharmaceutical composition may comprise the polypeptide and at least 
one modulating substance as a mixture. Preferably, the modulating 
substances are provided in a kit consisting of separate preparations. More 
preferable, the polypeptide is provided for administration before the 
20 modulating substances. 

During the passage through body fluids before reaching the tumor tissue, 
the cytotoxic activity of the polypeptide would be undesired, due to the 
toxic properties of H202* Thus, the composition may further comprise an 
25 inhibitor of the polypeptide. The inhibitor could have a short half-life tirrie 
in the body fluid. A preferred inhibitor of the polypeptide is an antibody 
against the polypeptide (see above). 

Further the polypeptide can be coupled with a substance and/or a particle 
30 which targets the polypeptide to the tumor tissue. 
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Further components of the pharmaceutical composition can be a nucleic 
acid coding for the polypeptide as described above, and/or a recombinant 
vector or cell containing the nucleic acid. 

A further aspect of the present invention is a substance modified by 
interaction with APIT (termed target substance of APIT). A direct 
interaction is a contact of APIT with this substance. In an Indirect 
interaction, the effect upon the substance includes at least one mediator 
substance, e.g a substance formed by APIT, or a receptor interacting with 
APIT and the components of the related transduction cascade. 

As described above, a mediator of APIT acting on cellular polypeptides is 
H,0,. Thus, preferred target substances of APIT comprise cellular 
polypeptides, which can be modified by H.O^. A major modification 
Identified In 2-DE SDS gel patterns of cells treated with APIT was a shift of 
peroxiredoxin I (Prx I, Swiss-Prot No. Q06830, Genbank identifier No. 
548453), which was also detected in cells treated with H,0,. Prx I belongs 
to a class of peroxidases which are involved in the detoxification of ROS 
Although the nature of the modification of Prx is not known, Prxl can be 
used as a marker for APIT anti-tumor activity. 

WO 02/31144 discloses proteins modified by H^O^ which are targets of 
APIT: thioredoxin peroxidase 2 (Swiss Prot No. Q06830, Genbank 
Identifier 548453), 60S ribosomal protein PC (1 2654583), Hsp-60 (N-term) 
(14603309), stathmin (5031851), Rho GDI 2 (P52S66, 1707893) 60S 
rlbosoma. protein P0(4506667), RNA binding .regulatory sJbunit 
(014805,1 2720028), hnRNPCl/C2 (4758544), hnRNPCl/C2 (4758544) 
proteasome subunit beta type 1 (P20618, 130853), pre-mRNA cleavage' 
factor Im (5901926), proteasome subunit alpha type 7 (014818, 
12643540), U2 small nuclear ribonucleo-protein A' (P09661. 134094) 
GAP SH3 binding protein (5031703), DNA replication licensing factor 
MCM4 (P33991 , 1 705520), thioredoxin perpxidase 1 (P321 1 9, 25071 69) 
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40S ribosomal protein S21 (P35265, 464710), 40S ribosomal protein SI 2 
(P25398, 133742), phosphoglycerate mutase 1 (PI 8669, 130348), HCC-1 
protein (13940310), HnRNP A2/B1 (4504447/14043072), IMP dehydro- 
genase 2 (PI 2268, 124419), hnRNP A/B (14724990). 



Furtlier targets of APIT identified by 2 DE gel electrophoresis, in-gel tryptic 
digestion, peptide mass fingerprinting by MALDI-MS, and identification of 
the proteins are summarized in Table 3. 

Still a further target of APIT is a nucleic acid. The target nucleic acid can 
be a DNA or an RNA, which is a mRNA. The transcription of the mRNA is 
up- or downregulated in the presence of APIT and/or H^Oz- Preferably, the 
transcription is changed by a factor of at least 2, and more preferably, by 
a factor of at least 4. 

By a microarray of specific 60mer oligonucleotides representing about 
8500 human genes, about 70 mRNAs were identified which are targets of 
APIT. The informatidn about the mRNAs are summarized in Table 4. Each 
mRNA is referenced, by a "unigene cluster" which represents a number of 
nucleotide sequences belonging to the same gene or to closely related 
genes. Details of the nomenclature and the nucleotide sequences of the 
unigene clusters are public available under http://www.ncbi.nlm.nih.gov/ 
(Homepage of the National Center for Biotechnology Information). 

For most of the unigene clusters of Table 4, the gene and/or the protein is 
known. It is a general principle that modulation of the transcription of a 
messenger RNA influences the amount of protein expressed. Thus, the 
proteins coded by the sequences of the unigene clusters of Table 4 are 
also targets of APIT, because APIT may Influence their expression. .The 
sequences 6f the proteins and of the nucleic acids coding for these 
proteins are referenced by the genbank identifier, accession number and/or 
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version number (see Table 4). The sequences are public available under 
http://www.ncbi.nlm,nih.gov/. 
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The target substance of the present invention (see Table 3 and 4), which 
is identified by one of the methods as described above, may be used for 
the development of new pharmaceutical agents, e.g. by known 
high-throughput screening procedures which may be cellular screening 

proceduresor molecular basedscreening procedures. Thesepharmaceutical 
agents may act upon cellular receptors and/or components of the signal 
transduction pathways activated or Inhibited by APIT. 

Degenerative diseases like Alzheimer's and Parkinson's disease are 
characterised by excessive ROS production of the affected tissue. Drugs 
which either activate H^O^ detoxification or inhibit H^O^ production may be 
used for therapy of degenerative diseases like Alzheimer's or Parkinson's 
disease. Fast growing tumor cells produce more ROS and thus require an 
efficient H^O^ detoxification system. Drugs which either activate HjOj 
production or which Interfere with H,0, detoxification may be used for 
therapy of proliferative diseases like tumors. Since e.g. thioredoxin 
peroxidases 1 and 2 have been shown to be overexpressed in cells at risk 
for diseases related to ROS toxicity Including degenerative diseases like 
Alzheimer's and Parkinson's disease, and have been shown to be 
overexpressed in tumor cells (Butterfield et al., 1999, Anthxidants & 
Redox Signalling, 1, 385-402), the targets of Table 3 and 4 might be 
important targets for the development of drugs for treatment of 
degenerative diseases like Alzheimer's and Parkinson's disease and of 
proliferative diseases like tumors. 

NK-cells have been shown to protect against malignant cells in chronic 
myelogenous leukemia (CML), but their number and induclbility Fs reduced 
during the progression of the disease. This reduction and dysfunction is 
due to the production of H,0, by CML-cells (Mellqvist, Blood 2000, 96 
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1961-1968), NK-cells encountering H2O2 are inhibited in their lytic activity, 
are made resistant to IL-2 activation and undergo apoptosis/necrosis. Any 
therapy providing CML-patients with ROS-hyposensitive NK-cells therefore 
would be of great benefit. The targets described above could be used to 
modulate the H2O2 sensitivity of NK-cells or to inhibit the HjOj production 
of malignant cells, e.g. CML-cells. 

Arteriosclerosis with its progression to heart disease, stroke and peripheral 
vascular disease continues to be the leading cause of death in all western 
civilisations. Enhanced ROS*production (via endothelial NADPH-oxidase) is 
required and sufficient to generate the pathologic phenotype (Meyer, FEBS 
Letters 2000, 472, 1-4). Therefore, targets mediating the effect of H2O2 
are useful to develop new drugs for treatment of arteriosclerosis and the 
associated diseases like heart disease, stroke and other vascular diseases. 
These targets are suitable to detoxify H2O2 and/or to block the HjOj 
induced signalling pathways. 

Target compounds, e.g. peptides, polypeptides or low-molecular weight 
organic compounds, which are capable of modulating the effect of H2O2 
may be identified in a screening system comprising the use of the APIT 
polypeptide as described above. Particularly, a modulation of the APIT 
activity, i.e. L-amIno oxidase activity, may be determined. 

Thus the present invention further relates to a pharmaceutical composition 
comprising as an active agent at least one of the target substances as 
described above. ' • 

The invention is explained in more detail by the following figures, tables 
and examples. 



Figure 1 
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A, Anion exchange chromatography. Filtrated and concentrated ink was 
loaded onto a Source Q15 column. Proteins were eluted by a linear 
gradient from O to 800 mM NaCI. fractions were collected every minute ,2 
ml/m,n). Absorption was measured at 280 nm. Horizontal bar indicates 
active fractions. 

B. Geifiltration. Active fractions from the Source Q15 were pooled and 
concentrated and applied to a Superose 12 HR 10/30 column. Proteins 
were eluted with 100 mM potassium phosphate buffer ,pH 7.2). Fractions 
were collected every minute (0.5 ml/mln). Horizontal bar indicates active 
fractions. 



Figure 2 



A, Phenotype of APIT-induced cell death. Jurkat cell, were cultured for 7 
hours in the presence <APIT) or absence (medium) of APIT (30 ng/ml) and 
phase contrast images were recorded. 

B, Lack of apoptotic ONA fragmentation in ink-treated cells. Jurkat cells 
were Incubated In medium (control) or treated wi«, cyCoheximide (chx- 10 
//g/ml) or ink (ink. 1/500 diluted) for 2, 4 and 6 h. Isolated DNA was 
visualized on a 1,6% agarose gel by ethidium bromide staining. 

C APIT mediated loss of metabolic activity. APIT (10 ng/ml) and the 
etrezcum-salt WST-1 were added simultaneously to Jurkat cells a^d 
turnover of WST-1 was measured photomeirically. White circles: m««um 
control; black circles: APIT-treated samples; mean absorbanc. of 8 

replicates ± SD. 
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Cell death induced by ink. Jurkat cells were treated with ink (1/500 
diluted) and propidium iodide (PI) uptake was measured as indicator for 
dead cells. 

Figure 3 



A, Heat sensitivity of ink. Dialysed ink was incubated for 1 0 min at the 
indicated temperatures and enzymatic activity was measured as 
HjOj-production (mean of triplicates ± SD). Blank: medium control. 

B, pH-sensitivity of APIT. APIT (60 ng) was incubated for 10 min at 25*C 
in 0,1 M potassium phosphate at indicated pH values. Enzymatic activity 
was measured as H202-production (mean of triplicates ± SD). 

C, Sensitivity to increasing amounts of urea: Dialyzed Ink (black bars, 
1/500 diluted) and as positive control 0,625 mM a-keto isocaproic acid 
(open bars) were treated with indicated concentrations of urea for 30 min 
at 25 *C. Enzymatic activity (15 min, 25 *C) was measured as a-keto acid 
formation via MBTH. 

Rgure 4 

A, N-terminal and internal peptide sequences of the APIT protein. 

B, List of oligonucleotides used for cloning of the APIT gene. 

C, Nucleotide sequence of the APIT cDNA and the derived amino acid 
sequence. The dinucleotide binding fold (VAVVGAGPGGANSAYMLRDSQ 
LDIAVFE) and the GG-motif (RVGGRLFT) are indicated by boxes. 
Consensus amino acid residues are indicated by bold letters. The 
N-terminal sequence of mature APIT (dashed line) and of Internal peptides 
(solid line) derived by Edman degradation and mass finger prints are 
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indicated. Sequence variations of the three clones are indicated by small 
boxes. 



Variation of the N-terminus of APIT In 11 further clones. 
Figure 5 

A, Anion exchange chromatography of purified APIT. Proteins were eluted 
by a linear gradient from 0 to 800 mM NaCI and fractions were collected 
every minute. Absorption was measured at 280 nm (AU: Absorption unit). 

B, Fractions 24, 27 and 29 were separated by SDS-PAGE and tested for 
metabolic activity by WST-1 assay. High activity ( + ;++) correlated with 
the presence of a prominent 60 kDa band (fractions 24 and 29). Activity is 
given as the dilution leading to > 85% reduction of the metabolic activity 
of Jurkat cells ( + /- = 1:900; + = 1:2700; + + = 1:8100). 

C, Absorption spectre of fractions 24 (black line), 27 (dashed line) and 29 
(dotted line). 

Figure 6 

A, APIT Induced H2O2 production In medium in the absence of cells. APIT 
(260 ng/ml) was Incubated In medium In the presence (open bar) or 
absence (black bar) of Jurkat ceils (SxlOVml). After 1 h of incubation at 
37 •€ supernatants were alkylated with N-ethylmaleimlde and H2O2 was 
measured (mean values of 3 independent experiments + /- SD). 

B, Catalase Inhibits ink induced cell death. Jurkat T-cells were incubated 
for 8 h with ink in the presence (black bars) or absence (white bars) of 
catalase. Cytotoxicity was measured as PI uptake (mean of triplicates ± 
SD). 
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C. Catalase protects from APIT induced loss of metabolic activity. 
IVIetabolic activity of Jurlcat cells was measured after incubation with APIT 
(20 ng/ml) or anti-CD95 for 3h in the presence (black bars) or absence 
(white bars) of catalase. (mean of 5 replicates ± SD). 

D, Phenotype of ART induced ceTl Te"alhls~m^^^ 

peroxide. Jurkat cells were cultured for 7 hours in the presence (APIT) or 
absence (medium) of APIT (60 ng/ml) or H2O2 (500 //M) and were analyzed 
by phase contrast microscopy. Catalase was added in combination with 
APIT to neutralize H2O2 (APIT + CAT). 

Figure 7 

A, Enzymatic activity of APIT in the presence of different medium 
supplements. APIT (200 ng/ml) was incubated for 60 min at RT with RPMI 
+ /- 10% PCS or KRG supplemented with different medium ingredients and 
H2O2 production was measured. (EAA = essential amino acids, NEAA = 
non essential amino acids, concentrations see Table 1). 

B, Substrate specificity of APIT and ink! The enzymatic reaction of dialysed 
ink (open bars) with different L-amino acids In potassium phosphate buffer 
was measured as HaOa-production. 50 //M HjOj and amino acid free 
medium (control) were used as control. Allquots of dialyzed ink were 
digested with trypsin (hatched bars) or proteinase K (black bars) at 37'C 
for 2h prior to testing the substrate specificity. Arg = L-arginine, ImM; 
Lys = L-lysine, ImM; EAA = essential amino acids, ImM; NEAA = non 
essential amino acids, 1 mM. 

C, APIT Induced cell death depends on the presence of L-lysine or 
L-arginine. Jurkat cells were incubated with APIT (20 ng/ml) for 6 h in the 
presence (white bars) or absence of L-lysine and L-arginine (black bars). 
Cytotoxicity was measured as PI uptake (mean of triplicates ± SD). 
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D, APIT induced loss of metabolio activity depends on the presence of 
L-lysme or L-arginine. Jurkat cells were incubated with APIT (20 ng/ml) or 
anti.CD95 (1 50 ng/ml) In the presence (open bars) or absence (black bars) 
of L-lysine or L-arglnlne and metabolic activity was measured (mean of 5 
s replicates ± SD). 

E, APIT transforms L-lysine Into an c-keto acid. APIT was incubated with 
L-lyslne and the formation of a-keto acid was measured photometrically by 
its reaction with MBTH. 
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F, Michaelis-Menten kinetic of APIT activity with L-lysine. K„ value for 
L-lysine was determined as HaOa production. 

G, Proposed reaction mechanism of L-amIno acid oxidases according to 
Macheroux et al. (2001 Eur. J. Blochem. 268:1679-1686). Encircled are 
compounds which we demonstrated to participate in the reaction catalyzed 
by APIT. 

Table 1 

Composition and concentrations of mixtures of essential and non-essential 
ammo acids as well as single amino acids used in Fig. 7A. 
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Table 2 

APIT kills different kinds of tumor cells. Different tumor cell lines (50 000 
cells in 100 //I) were incubated for 14 h in the presence of increasing 
amounts of APIT. Metabolic activity of the cells was measured via turnover 
Of WST. The IC«, values -reflect the APIT concentration at which the 
metabolic activity is decreased to 50o^. (* stands for IC^o ^ 20 ng/ml at 
the given cell concentration of 50,000/100//!.) 



Table 3 
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List of proteins which were changed In their expression or modified after 
treatment with APIT (upregulation ( + ), downregulation (-), or modification 
(m) in column "effect"). The proteins are referenced by the genfaanic 
identifier and/or accession number and/or version number. 

" f^bTe 4 

List of genes (referenced by unigene cluster number) and gene products 
(proteins) which were modulated in their expression more than 2 fold after 
incubation with APIT for two hours. The proteins are referenced by the 
genbank identifier and/or accession number. Transcription rates are 
Indicated as Increase (+, 2 to :S 4 times; + + . 4 to 6 times) or decrease 
(-, 2 to ^ 4 times; - 4 to 6 times). 

Example 1: Purification of APIT 

Aplysia punctata were gained from the Station Biologique Roscoff, 
Bretagne, France. Crude ink was prepared by gentle squeezing the sea 
hares in sterile seawater. Insoluble particles were removed by 
ultracentrifugation (82,000g, 30 min, 4"C) and supematants were stored 
at -70 "C. 

APIT was purified from crude ink via anion exchange chromatography and 
gelfiltration. The thawed ink was filtered through Whatman filter No. 4 
under slight vacuum and subsequently through a 5 //m and 0.45 jjm 
syringe filter. The filtrate was concentrated by using Ultrafree-1 5 Units 
(Mlllipore, exclusion weight 30 kDa) followed by three washing steps with 
20 mM Tris HCI (pH 8.2). After centrifugation at 10.000 g for 5 min the 
supernatant of the concentrate (20 - 60 fold) was applied to a Source Q1 5 
column ((10mm, length 40 mm) equilibrated with 20 mM TrIs HCI, pH 8.2. 
Proteins were eluted by a linear gradient from 0 to 800 mM NaCI over 50 
ml at a flow rate of 2 ml/min (Fig. 1A). The purity of the fractions was 
determined by SDS-PAGE and subsequent rapid silver staining. APIT 
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appears as a band at 60 kOa. Cytolytic activity was „,easu™d a, 

of WST see example 21. Enzymatic activity was determined as described 
■n example 3. Fractions which show high purity and cytotoxic respectively 
' "jV"'''^ « - 48, were pooled, concent^ted 

and loaded onto a Superose 12 HR 10/30 column (Pharmacia). Proteins 
were eluted whh ,00 mM potassium phosphate buffer ,pH 7.2, at a flow 
rate of 0.5 ml/min The first peak represents the active APIT (Flo 2B- 
fraction 11 to 14). > »• «. 

Example 2: Phenotype of APIT-biduced eeU death 

The purple fluid of Aplysla punctata contains a cytolytic activity which 
.nduces rapid and extensive death of Jurkat t cells in cul«,re. APIT Induces 

.. '-^""""^oftumorcellswhichresemblesneitherapcptosisnornecrosis In 
order to classify the APIT-inducei. cel. death w. looked for common 
features of apoptosis and necrosis. 

Jurkat T cells were harvested ,n the log phase, centrlfuged and adjusted to 

PCS 100 U/ml penfcillln and 100«,/ml streptomycin,. Cells were cultured 
wrth APIT. cyctohexlmlde as , positive control or medium at 37-c 5% 
CO, and 100% humidity for the Indteated times. Fragmented DNA of 
apoptotic cell nalyzed according to Herrmann et al. ,1 994. Nucleic 

a ° "^'"^ « -tabolic 

activrty v,a the turnover of WST-1 (ROCHE. Mannheim, ,0 red fom»zan hv 

the mrtochondrlal dehydrogenase of viable cells. Absorbance of «,e cell 

suspension was measured photometrically at 450 nm (690 nm reference, 
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Morphologically, tumor cells treated with ink or APIT did not exhibit typical 
morphological apoptotic or necrotic signs of cell death (Fig. 2A), and 
neither blebbing nor swollen cells were detected when cells were treated 
with a lethal dose of ink. Cells did not form clusters anymore, cytoplasm 
-became, translucent ..and. . nu.cM...erqminent_ (Fig^ 'nSrac^Jly'a/ 
movements of plasma and organelles stopped, detachment and formation 
of vacuoles were observed when adherent cells were incubated with APIT 
(data not shown). Consistent with the absence of apoptosis, fragmented 
DNA or nuclei were not detected in ink-treated tumor cells (Fig. 2 B); 
moreover, caspases were not activated (data not shown). Metabolic 
activity of tumor cells was blocked as early as 30 min after exposure to ink 
or APIT (Fig. 2C). Ink-treated tumor cells rapidly took up propidium iodide 
(PI) indicating plasma membrane permeabiiization and cell death (Fig. 2D). 

Example 3: Stability of APIT 

APIT was further characterized by its sensitivity to heat, low pH and high 
concentrations of urea. 

For determination of its heat sensitivity native ink was dialyzed against PBS 
at 4'C for several days to separate chromopeptides. Dialysed ink was 
incubated for 10 mIn at the indicated temperatures, and activity was 
measured immediately as enzymatic production of HjOj. This assay is 
based on the finding that APIT transforms L-lysine to H2O2 and a-keto acid. 
The production of H^Oa was determined via the turnover of ABTS 
(2,2-Azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) to a green formazan 
in the presence of H2O2 by horseradish peroxidase. Heat-treated ink was 
incubated with L-lysine (1 mM) in 100 //I 100 mM potassium phosphate 
buffer, pH 7.2 for 10 min at 25 "C. The reaction was stopped by adding 1 
jul of 10 M phosphoric acid. To 25 pi of this solution 1 mM ABTS and 1 
Unit horseradish peroxidase was added in 225 //I 100 mM potassium 
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phospHate bu«er, pH 6.0. Absorption was measured photo.etrlc,„v a, 
405 nm (reference 690 nm). 

Purified APIT was chal.,„g,d to different pH-values by adding e mixture of 
. monobasic and dibasic potassium phosphate and phoshphoric acid 
rendering the desired pH. After e 10 min incubation pH of samples was 
adAisted to PH 7.2 by adding appropriate amounts of dibasic phosphate 
Afterwards enzymatic activity was measured as H,0,-produc,ion as 
described above. 

The activity of APIT after treatment with urea was measured via the 
production of a-keto acid, which wee quanMfled photometrically by its 

react,on With the hydrazoneMBTH,3.me«,y,-2.b,nzothiazolon,hydraLe 
hydrochloride) as described by Soda (,968». Dialyzed ink was incubated 
wrth urea at Indicated concentrations for 30 min. Subsequently the 
remaining enzymatic activity was measured without removing .urea for 15 

r " l^^: ^ °' '»<"=«P"'o ecid 

(Sigma; K-0629) were treated equally. 

APIT was Characterized by its heat sensitivity and was found to exhibit a 
high and constant activity after pre-incubation for 10 min at O'C to SO'C 
Activity was oleariy reduced at eO'C and absent ,t temperatures of yo'C 
or higher (Pig. 3A). APIT also shows a loss of activity with decreasing pH 
w«h complete inaotivation after a 10 min pre-lncubation at pH 3 or Z^r 
(F.g. 3B). An outstanding feature of APIT is its resistance to urea (Fig 3c. 
After 30 min treatment with 6 M urea, the activity of APIT was aimosi 
unaffected. At 8 M urea, the activity was reduced by about 50%. 
Example 4: Sequencing and cloning of APIT 

In order to clone the cDNA of APIT N-terminal and' internal peptide 
secuences were identified by (peptide mass fingerprint,, ESI/MS and 
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Edman degradation (Fig. 4A). A suitable internal peptide sequence was 
used to design a degenerated primer for . PGR (Fig. 4A, underlined 
sequence) with reverse transcribed mRNA, prepared from Aplysia punctata 
tissues. Subsequent 5'-RACE yielded the full length cDNA which was 
cloned and analyzed. 



Amino acid sequencing by peptide mass fingerprint (PIVIF), ESI/WIS and 
Edman degradation. Purified APIT was separated by SDS PAGE and 2 DE 
gel electrophoresis (Thiede et al., 2001, J. Biol. Chem. 276: 26044- 
26050). The N-terminus of APIT was Identified from a single band/spot of 
a PVDF blot by Edmann degradation. For the identification of internal 
peptide sequences a single band/spot was punched from the gel, digested 
with trypsin and dissolved in aqueous trifluoroacetic acid (Thiede et al., 
2001, J. Biol. Chem. 276:26044-26050). Tryptic peptides were separated 
using a Smart-HPLC system with a column of 2.1 mm inner diameter and 
1 0 cm length (a/RPC C2/C1 8 SC 2. 1 /1 0, Smart System, Pharmacia Biotech, 
Freiburg, Germany) and an acetonitrile gradient in 0.1 % (v/v) trifluoroacetic 
acid at a flow rate of 100 //l/min at room temperature. The peptide 
fractions were dried, dissolved in 6 jul 0.3% (v/v) aqueous trifluoroacetic 
acid/acetonitrile (2:1) and analyzed by MALDI-MS. The mass spectra were 
recorded by using a time-of-flight delayed extraction MALDI mass 
spectrometer (Voyager-Elite, Perseptive Biosystems, Framingham, MA, 
USA) as previously described (Thiede et al., 2001, J. Biol. Chem. 
276:26044-26050). Briefly, fifty mg/ml 2,5-dihydroxybenzoic acid in 0.3% 
(v/v) aqueous trifluoroacetic acid/acetonitrile (2:1) was used as matrix and 
0.3 fA of the sample and 0.3 jA of the matrix were mixed and applied to a 
gold-plated sample holder and introduced into the mass spectrometer after 
drying. The spectra were obtained in the reflectron mode by summing 
50-1 50 laser shots. For N-terminal sequencing peptide fractions containing 
single masses were loaded onto a Biobrene-coated glass fiber filter, 
transferred to a PVDF membrane and excised. Sequencing was performed 
using a Precise sequencer (Applied Biosystems, Weiterstadt, Germany). 
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gland, d.ae«.v, gland an.lopa«ne gland some animals were relaxlzed by 
.njectton of 6 - ,0 ml s»rila MgCI, solution (380 mM). Isolated tissual 
were frozen immediately in liquid nitrogen. Total RNA was prepared from 
. these tissues using the .peq gold TRIfast" reagent (Peqiab). mRNA was 
reverse transcribed using the tagged oligo dT oligonucleotide S'-too tea cat 
agg tot aga cot gtt goa t,.3,3- „:ig. 4B, oligo „ and the Superscript II 
polymerase (LIFE, at 42-C. In order to amplify a fragment o, the AP.T gene 
the degenerated primer S'-tc gtg ttc gar tac tcl gay cg-S' derived from the 
APIT peptide VFEVSDR <F.,: 4B. oBgo 2) and the specmc primer S'- ctg tag 

of the clrgo dT-pnmer was used. PCR was performed w„h the .expend 
long template- system (ROCHE, Mannheim) at es'C and the product was 

cDNA of ART was cloned using the 5' RACE System (UFE) according to 
the manufacturers instructions. Primers S'-ccg tgt aga tct cac tgc oat e-3- 
(F,g. 4B oligo 4. or S'-ccg ttg agt tgt aga cct-S (Rg. 4B, oligo 6, were 
com .ned w«h the primers S'^gc cac gcg teg act agt acg ggi igg g„ 
"g-3 (F,g. 4B. ol,go 5, or 5-.aat, ggc cac gcg teg act agt ac-a- (Fig. 4b 
ol.go 7) to yield a product which was cloned Into the pCDNA3-vector 
(Invrtrcgen) and sequenced. Finally, full length APIT cONA was ob«,ined by 
amplifying the APIT using the speciflo primers 6' - aa ttc teg tct get gtl 
ct. cte ct (Fig. 4B, ollgo 8) and 5- - gac tta gag gaa gta gtc gtt ga (Fig 4B 
o .go 9, and cloned into the pQEX^TS Vector (Amersham). DNA from 3 
clones of transfacted E.coll was prepared and sequenced. 

The Identity of the Isolated gane was confirmed by comparing the 
comput«l translational product (Fig. 4C) -with the amino acid sequences of 

of ,608 bp coding for a protein of 535 amino adds (Fig. 4C) wi«, the 
predicted mass of 60,167 darton and a p, of 4.59. The N-terminaM8 
am.no acds of APIT comprised a putative secretion signal sequence which 
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was absent from the mature protein, most likely due to posttranslationai 
modification during secretion. Furthermore, APIT exhibited homology to 
FAD-binding oxidoreductases with a conserved dinucleotide binding fold 
around amino acids 39 to 66 followed by a so-called GG-motif typical for 
certain oxidases Mice LAAO, MAO (Fig. 4C) (Dailey et al., 1998, J.Biol. 
Chem. 273:13658-1 3662;" Vallon "et "il., IZOOO,' Pr~6teins 38r95^lT4; ' 
Macheroux et al., 2001 Eur. J. Biochem. 268:1679-1686). The highest 
degree of homology existed to the Cyplasin from A. punctata, the 
Aplysianin from A. kurodai and the mucus-toxin of the giant African snail 
Achatina fulica. 

Comparing the 3 derived DNA-sequences we often found differences In the 
third position of coding triplets which nevertheless only seldom produced 
changes in the amino acid sequence of APIT (Fig. 4C). 

By the method described above, further 11 clones were isolated from 
Aplysia punctata which have a homology to the sequences described in 
Fig. 4 of at least 95%. Several mutations of the amino acid sequence were 
found In the domain comprising the dinucleotide binding fold and the QG 
motif, which probably have no effect upon the function (Fig. 4D). In Pos. 
22 of SEQ ID NO: 2, C is replaced by S in two clones. In Pos. 62, A is 
replaced by T in one clone. In Pos. 60, L is replaced by Q in 7 clones. In 
Pos. 69, D is replaced by H In one clone. In Pos. 77, T is replaced by S in 
one clone. 

Example 5: FAD association 

The toxic and enzymatic activity of APIT is due to the- presence of an 
attached FAD. 

In order to purify the tumor lytic activity, ink from A. punctata was 
subjected to different purification protocols and afterwards each fraction 
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was tested for its toxte activity (see example 1,. Activity always correlated 
wrth the preser,ce of a protein of approximately 60 .cDa (Rg. 5 A and B, 
Moreover. APIT was found to contain carbohydrate residues using the DIG 
Glyoan/Protein double labeling method (Roche; data not shown) 
Furthermore, all spectra of the highly active fractions exhibited a double 
peak at 390/470 nm ,Rg. 5C, which is characterfetic for protein bound 
flav,nes (Masaey et al.. 2000, Biochem Soc. Trans. 28:283-96,. Heating of 
APIT for ,0 mm to 60-C. which is accompanied by a substantial loss of 
activrty also results in loss of detectable FAO-absorption, as is the case 
wHh lowering «,e pH to inactivating values around pH 3. Heating and 
pH-challenge of APIT was performed as described in example 3 (data not 
shown). 
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Consistently. APIT contained the conserved dinucleotide binding fold 
involved m pyrophosphate binding (Wierenga et al., 1986. J. Mol Biol 
187:101-107) which is found in many flavoproteins (Fig. 4B; example 4," 
Moreover, in APIT like In many oxidases a so-called GQ-motIf 1, found 
adjacent to the dinucleotide binding fold (Daiiey et al., 1998 j Biol 
Chem. 273:13668-13662, Vellon et al.. 2000. Proteins. 38:95-114,' 
Based on the struc«,re of the dinucleotide binding fold and conserved 
sequence motifs, FAD comaining proteins are ordered into 4 families (Dym 
etal., 2001. Protein Sci. 10:1712-28,. According ,0 this classification and 
based on homology APIT belongs to the Glutathione reductese 2 family 
(GR2, (Dym et al., 2001, Protein Sci. 10:1712-28,. The date show that 
FAD IS a necessary prosthetic group for toxic and enzymetic actlvfty of 

Example 6: Cell-death is mediated via HjOa 

Proteome analysis revealed thatthioredoxin peroxidase II is Involved in the 
ART mediated tumor cell death. TWoredoxinperoxidase II is involved in 
detoxification of reective oxygen species (ROS, by reducing hydrogen 
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peroxfdes as well as other peroxides. We therefore tested whether HjOj is 
produced during APIT incubation and found that HjOa is the mediator of 
APIT-induced cell death. Scavenging this toxic compound by catalase 
results in survival of APIT treated cells. 

H2O2 production was measured afterlnciibation "of APTTin i^ 
and in cell suspension as described In example 3. Toxicity was measured 
by quantifying propidium iodide uptake (1 //g/ml in PBS) by Flow 
Cytometry. Cell vitality was determined as metabolic activity via the 
turnover of WST-1 (ROCHE, Mannheim) to red formazan by the 
mitochondrial dehydrogenase of viable cells. Absorbance of the cell 
suspension was measured photometrically at 450 nm (690 nm reference). 

As shown in Fig. 6 A, APIT induced the production of H2O2 in the presence 
(1 67 jt/M) as well as in absence of cells (280 pM). This strongly argues for 
an enzymatic activity of APIT which transforms medium ingredients under 
the production of hydrogen peroxide. In the presence of cells the measured 
H2O2 amount is somewhat lower which might be explained by cellular 
consumption and degradation of HjOa- In the absence of APIT H2O2 was 
not detectable. To investigate whether the APIT-induced cell death is 
mediated by H2O2, cells were treated with APIT In the presence of the H2O2 
degrading enzyme catalase and then stained with PI. Catalase completely 
abolished the ink-induced increase of PI stained cells (Fig. 6B). Degradation 
of H2O2 by catalase also Inhibited the rapid break-down of metabolic 
activity induced by APIT (Fig. 6C) but, as expected, was ineffective in 
blocking CD95 (Fas/Apo-l)-induced cell death in the same assay (Fig. 6C). 
In the presence of catalase APIT no longer induced morphological changes 
of tumor cells as judged by microscopic investigation (Fig. 6D). The highly 
efficient inhibition by catalase in particular suggested that no other 
substance than H2O2 elicits the toxic effect observed in APlT-treated 
samples. Consistently, H2O2 induced the phenotype typical for APIT-treated 
cells {Fig. 6D). Furthermore, proteome analyses revealed changes in H2O2 
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treated cells which were characteristic of APIT-treated cells These data 
together clearly demonstrated that the cytotoxic activity depended on the 
HjOa producing enzymatic activity of APIT. 

Exampi, 7: APIT is a L-ly,lne/L-argi„l„e a-oxidase. Enzymatic activity is a 
prerequisite for toxicity 

APIT produced H,0, in RPMI medium in the abence of cells. In order to 
. .denitify the substrates in cell culture medium which are converted to H O 
by APIT, we prepared different media with defined amino acid compositLn 
by supplementing HEPES buffered modified Krebs Ringer medium (KRG- 25 
mM HEPES pH 7.4, 125 mM NaCI, 5 mM KCI, 1.2 mM KH,PO„ 5 mM 
NaHC03, 6 mM glucose, 1.2 mM MgSO^, 1 mM CaCI,} with IQo/o PCS 2 
mM glutamine, essential and non-essential amino acids (Invitrogen) or 
smgle essential amino acids in concentrations equivalent to RPMI medium 
(Invrtrogen). Media were adjusted to pH 7.4 and filter sterilized After 
incubation of these media with purified APIT the enzymatic activity was 
measured as H^O,- production via turnover of ABTS (2,2-Azino.bis 
(3-ethylbenzthiazollne.6-sulfonic acid) to a green formazan in the presence 
of H2O2 and horseradish peroxidase (Fig. 7A and Table 1). 

In a next step we checked whether the substrate specificity could be 
impaired by digest of APIT. For proteolytic digest allquots of dialysed ink 
were treated for 2 h with proteinase K (0,05 mg/ml final) in PBS at 37-c 
Reaction was stopped by adding aprotinin (1 pg/ml final) or PEFA ([4 (2 
aminoethyO-benzolsulfonyl fluoride-hydrochloridej-hydrochloride- q 25 
mg/ml final), and digest was checked on a 150/0 SDS-PAGE After 
Incubation of digested ink with different amino acid compositions in 
potassium phosphate buffer the enzymatic activity was measured as H O 
production (Fig. 7B). * ^ 
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In order to test whether withdrawal of L-lysine and L-arginine results in 
rescue of APIT-treated ceils we Incubated Jurkat cells in medium lacking 
L-lysine and L-arginine. Control cells were cultured in a medium containing 
L-lysine(HCI (40 mg/l) and L-arginine(HCI (240 mg/I), Toxicity was 
measured by quantifying propidium iodide uptake {1 /jg/ml In PBS) by Flow 
Cytometry (Fig. 7C). 

Cell vitality was determined as metabolic activity via the turnover of 
WST-1 (ROCHE, Mannheim) to red formazan by the mitochondrial 
dehydrogenase of viable cells. Absbrbance of the cell suspension was 
measured photometrically at 450 nm (690 nm reference). As control tumor 
cells were killed by anti-CD95 treatment (Fig. 7D). 

a-Keto acids were quantified photometrically by their reaction with the 
hydrazone MBTH {3-methyl-2-benzothiazolone hydrazone hydrochloride) as 
described (Soda et al., 1968, Anal. Biochem. 25:228-235) (Fig. 7E). 

The K„ value for L-lysine was determined as H2O2 production and 
calculated according to Michaelis Menten with the GraphPad Prism 3.0 
software (GraphPad Software, San Diego California USA) using non linear 
regression (Fig. 7F). 

Surprisingly, from all amino acids tested only L-lysine and L-arginine served 
as substrates for APIT to produce hydrogen peroxide (Fig. 7A). Moreover, 
the restricted substrate specificity was even maintained when APIT was 
digested with protease K suggesting that the protease resistant fragment 
of APIT contains both, the active domain and the domain which determines 
the substrate specificity (Fig. 7B). These data were confirmed by functional 
analyses which showed that APIT was unable to induce cell death (Fig. 7C) 
or reduce metabolic activity (Fig. 7D) in tumor cells incubated in medium 
lacking L-iysine and L-arginine, indicating that the enzymatic activity of 
APIT is the prerequisite for its toxicity.. L-Iysine and L-arginine deprivation 
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had no .nfluenoe on the metabolic activity of tumor cells under the 
expenmental cond^ons ,Fia. 7D). Activation of CD96,Fas/Apo-n 
efftcntly impaired cell vitality Irrespective of «,e presence of L-lysine or 
L-arginine (Rg. 7D), demonstrating that cell death can be induced under 
5 L-lysine and L-arginine limited conditlans. • 

As shown in the reaction scheme in figure 7G, a-keto derivatives are 
produced by amino acid oxidases and these could indeed be demonstrated 
when L-lyslne was used as substrate for APIT (Rg. 7E). These results 
0 suggested that APIT catalyses the fom.a«,n of H,0, by the reacUon 
cuttaed in figure 73. Kinetic studies analyzed «=cordlng to 
Michaelis-Menten revealed a K„ of 0.182 mM for L-lysine (Hg. 7n. 

By adding L-lysine (2-50;/g/ml) to tumor cells which are cultured with APIT 
(20 ng/ml) In medium depleted of L-lysine and L-arginine or in pur. PCS 
the m«abollo activity of the tumor ceils can be reduced down to 16% 
r«.pecth,ely 50% of the control cells without additional L-lysine This 
Shows that the tumorolytic effect of APIT can be manipulated by changing 
the amount of available substrate which is of significance for In vivo 
studies and/or for application of APIT In pharmaceutical compositions 
and/or methods for treatment of cancer. 

Example 8: Senslavfty of differen, .efl Bne, to APIT Induced cell 

death. 

Tumor cells were harvested in the log phase. Triplicates of each 50 000 
cells were cultured in a flat bottomed 9e-well-plate in 100 ^ medium with 
■ncreaslng concentrations of APIT. After 14 hours the metabolic activity of 
the cells was determined by addition of 10 ^ WST-1 per well (ROCHE 
Mannheim). The yellow tetrazolium salt is cleaved to red formazan bJ 
cellular enzymes of viable cells. The metabolic activity correlates with dl 
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vitality and was quantified by measuring the absorbance of the dye 
solution with a spectrophotometer at 450 nm (reference 650 nm). 

ART is able to kill different tumor cells. T and B cell leukemia cell lines 
-.('^ML^?^l!??P.f_?i'y!.f}?Pj_SKW n^^ a chronic myelogenous leukemia ceil line 
(K562), and cells from an orphan and aggressive osteosarcoma (Ewings 
tumor: RDES, A673) showed the highest sensitivity to the APIT induced 
cell death (ICgo ^ 5.6 ng/ml), followed by ceils derived from small cell 
lunger cancer (GLC4, GLC4/ADR), cervix cancer (Chang) and acute 
monocytic leukemia (THP-i) (ICgo 10 ng/ml) ."Most of the adherent 
growing cells of solid tumors (breast cancer: MCF-7, SK-BR-3; prostate 
cancer: PCS, DU-145; colon cancer: HT-29; cervix cancer: HeLa; uterus 
cancer: Hec-1-B; larynx cancer HEp-2; stomach cancer: AGS; liver cancer: 
Hep G2) and the monocyte leukemia cell line MonoMac 6 are less sensitive 
at the indicated cell concentration (ICgo ^ 20 ng/ml), but become more 
sensitive when lower cell concentrations were used (ICgo 5-10 ng/ml). 

Resistance to apoptosis as well as multi drug resistance (MDR) represent 
severe problems in cancer therapy. It Is therefore of particular, interest that 
APIT kills apoptosis resistant cell lines as well as MDR cancer cell lines 
equally efficient as their non resistant counter parts (Tab. 2): 
Over-expression of apoptosis inhibitors of the BcI-2 family in acute 
lymphoblastic leukemia cell lines (CEM BcI-Xl, Jurkat Bcl-2) as well as in 8 
cell leukemia (SKW Bcl-2) (Tab. 2; 4th row) does not protect from APIT 
mediated cell death and results In ICgo values of ^ 6 ng/ml, similar to the 
non-transfected parental cell lines, confirming that APIT Induce cell death 
in an apoptosis independent way. The MDR cell line GLC4/ADR (Tab. 2, 
5th row) was generated by selection with doxorubicin (Zijlstra et al.,1987; 
Cancer Res. 47:1780-1784). Its multifactorial MDR is caused by 
over-expression of MRP-1 and a decreased activity of the DNA 
topoisomerase II. GLC4/ADR cells possess almost the same sensitivity to 
APIT (ICso 10 ng/ml) as the parental line GLC4 does (ICgg 9 ng/ml). 
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Example 9: Proteome .„,V„s: ^„ ^ ^^^^^ ^ 

Jurkat T cells after treatment with APIT 

T««™„, WW. AFIT. Jurka, T cells (5 x 10= /.„ were incuba^d with 
» APIT 20 n8/n,l, ,or 8 h at 37-C in 5.0% C02 in .He presence o, 1 J;^ 
oycioheximlde. Controls were performed without APIT. 

Total cell lysate. The Jurkat T cells were solubHizad in 5 volumes of a 
buffer containing 9 M urea, 25 mM Tris/HCI, pH 7.1, SO mM KCI, 3 mlV! 
> EOTA. 70 mM OTT, 2.9 mM beozamidlne, 2., ^M.|,up.p«n, "m 
pepstatln. 1 mM PMSF. and 2% carrier ampholytes (Servalyte pH 2-4 
Serva. Heidelberg, Germany). After 30 minutes of gentle stirring a, room 
temperature, the sample, were oentrifuged at 100000 g (Ultracentrifuge 

T,"!,"!^' 30 minutes with a 

TLA120.2 rotor, which were kept at room temperature before 
centnfugation. The clear supernatant was frozen at -70 'C. 

^'7^a °' "''""''"^ 2-°^ raining with Coomassi, 

Blue G-250, s,a>n,ng with silver nitrate, in-gel tryptie digestion, peptide 
mass f,ngerprln«ng by MALDI-MS, and identification of the protons are 
described in Jungblut et al.. Molecular Microbiology, 2000, 36, 710-726. 

Identiflcation was performed using the peptWe mass fingerprinting analysis 
sof^vare MS-Rt «««P://prospector.ucsf.edu/ucsi„h.,3.2/msflt.h,m, or 
Propound ««*://oanada.proteome»fc,.oom/prow.-cgi/ProFound.exe.FORM 
-1). Searches were performed in the databases NCBInr and SwissProt 
me proteins are referenced by the genbank identifier, accession number " 
and/or virslon number. 

Resute. APIT induces either upregulstion. downregulation, or modlfica«on 
the proteins. Modification in the context of this example is a change In 
the apparent mass and/or the apparent pi value of the protein By 
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comparison of 2-DE patterns of APIT-treated whole cell lysates with the 
corresponding patterns of untreated cells, the proteins as described In 
Table 3 were identified to be affected by APIT. 



The Influence of APIT on the gene exression of tumor cells was 
investigated by Microarray technology. 

10 In Shu Oligonucleotide Arrays. A custom oligonucleotide glass array of 
specifip eOmer oligonucleotides representing the mRNA of about 8500 
human genes was designed based on human Unigene clusters (Unigene 
build No. 148) including positive and negative control oligonucleotides 
{Homo sapiens house keeping genes and Arabadopsfs thaffana genes 

15 respectively). The probe design included a base composition filter and a 
homology search to minimise cross-hybridisation. 

RIMA isolation, labelling and hybridisation to arrays. Jurkat neo cells (1x1 0^ 
in 20 ml) were cultured for 2 hours in medium (RPMI + 10 % PCS) in the 

20 presence or absence of APIT (10 ng/ml) at 37*C, 5% CO2. Cells were 
harvested and the pellet was dissolved in 2 ml Trizol (Life Technologies). 
Total RNA was extracted after addition of chloroform and subsequent 
centrifugation and precipitated with isopropanol. After washing the pellet 
with 75% ethanol it was briefly air-dryed. Quality control of the RNA 

25 included exclusion of genomic DNA by PGR and "Lab on a chip 
technology" (Bioanalyser). RNA (5 //g) from each pool was amplified using 
a reverse transcriptase/T? polymerase, ^.5ug of testcRNAs labelled either 
with Cy3 or Cy5 were hybridised for 16 hours at 65 'C to arrays. Each 
sample was also labelled and hybridised with the reverse fluorophore to 

30 obviate possible dye bias. Slides were scanned using a Microarray scanner. 
Background signal was determined using negative control spots and 
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Transcrlptome analysis 
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subtracted. data were normalised relative to non-regulated genes. Data 
from duplicate hybridizations were combined. 

Results. Table 4 summarizes the genes with Increased or decreased 
transcription rate of treated cells compared with untreated cells, indicating 
these genes and/or its gene products (proteins) to be targets of APIT 
and/or HjOz- 
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Claims Jan. 21^ 

1 . A polypeptide comprising the amino acid sequence shown in SEQ ID 
N0:2, 4, or 6. 

2. A polypeptide claimed in Claim 1 which Is an oxidase which Is 
capable to produce H2O2. 

3. A polypeptide as claimed in any one of the Claims 1 to 2 which is 
an alpha amino acid oxidase. 

^. A polypeptide as claimed in Claim 3 which is a Uysine and/or L 
arginine oxidase. 



. A polypeptide comprising a fragment of the polypeptide as claimed 
in any one of the Claims 1 to 4. 

A polypeptide as claimed in Claim 5 which Is obtained by protease 
digestion of the polypeptide as claimed in any of the Claims 1 to 4. 

A polypeptide as claimed In Claim 6 which is obtained by proteinase 
K digestion. 

A polypeptide as claimed in Claim 5 comprising the sequence 
selected from amino acid residue No. 39 to 77 in SEQ ID NO:2, 

A polypeptide as claimed In Claim 8 comprising 1- to 20 additional 
amino acid residues at the N-terminus and/or the C-termlnus 
selected from the sequences of SEQ ID N0:2 or SEQ ID NO:4 
adjacent to the sequence selected in claim 8. 
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A polypeptide as claimed in Claim 8 comprising 1 to 10 additional 
amino acid residues at the N-terminus and/or the C-terminus 
selected from the sequences of SEQ ID N0:2 adjacent to the 
sequence selected in claim 8. 

~X pblypeptTtfe aF claimecTifi 
amino acid residues at the N-terminus and/or the C-termlnus 
selected from the sequences of SEQ ID N0:2 adjacent to the 
sequence selected in claim 8. 

A polypeptide, as claimed in any one of the Claims 2 to 1 1 , wherein 
the H2O2 producing activity can be regulated by the addition or 
removal of an L-amino acid. 

A polypeptide as claimed In Claim 12 which is regulated by L-lysine, 
L-arginine, a derivative or precursor of L-lysine, a derivative or a 
precursor of L-arginine, or a mixture thereof. 

A polypeptide which has an identity to the polypeptides of any of 
the claims 1 to 13 of at least 70%. 

A polypeptide as claimed in any one of the claims 1 to 14 which is 
a recombinant polypeptide. 

The polypeptide as claimed In claim 15, which is a fusion 
polypeptide. 

A nucleic acid encoding a polypeptide of any of the Claims 1 to 16. 
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1 8. The nucleic acid of Claim 1 7 comprising 

(a) a nucleotide sequence as shown in SEQ ID N0:1, 3, or 5, or 
at least the polypeptide coding portion thereof, or the 
complement thereof, or 

(b) a nucleotide sequence corresponding to the sequence of (a) 
within the scope of degeneracy of the genetic code, or the 
complement thereof, or 

(c) a nucleotide sequence hybridizing under stringent condition 
with the sequence of (a) and/or (b), or 

(d) a nucleotide sequence which has a homology of at least 70% 
to the sequences of (a) and/or (b). 

19. The nucleic acid of claim 17 or 18 operatively linked to an 
expression control sequence. 

20. The nucleic acid of any one of claims 17 to 19 which is a 
recombinant vector. 

21 . A recombinant cell comprising the nucleic acid of any one of the 
20 Claims 17 to 20. 

22. An antibody directed against a polypeptide of any one of the Claims 
1 to 16. 
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23. A pharmaceutical composition or a kit of pharmaceutical 
compositions comprising the polypeptide as claimed in any of the 
Claims 1 to 16, in a pharmaceutically effective amount and 
optionally together with suitable diluents, carriers and/or adjuvants. 

24. The pharmaceutical composition or kit of Claim 23 comprising at 
least one further component which is a substance capable of 
modulating the cytotoxic activity of the polypeptide. 
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25- The pharmaceutical composition or kit of Claim 24, wherein the 
polypeptide and the modulating substances are provided as separate 
preparations. 



5 26. The pharmaceutical composition or kit of Claim 25, wherein the 
polypeptide is provided for admiiTisTratlon "6e^^ 
substances. 



27. The pharmaceutical composition or kit of any one of the Claims 24 
10 to 26, wherein the modulating substance selected from (i) L-lysine, 

L-arginine, a jderivative or precursor of L-lysine, a derivative or 
precursor of L-arginine, or a mixture thereof, and/or (ii) a flavine 
nucleoside. 



15 28. The pharmaceutical composition or kit of any one of the Claims 24 
to 27, further comprising a nucleic acid, and/or a recombinant ceil, 
and/or an APIT inhibitor. 

29. The pharmaceutical composition or kit of Claim 28, wherein the 
20 inhibitor is an antibody against the polypeptide. 

30. A polypeptide, and/or a nucleic acid, and/or a recombinant cell, 
and/or an inhibitor as claimed In any one of the Claims 1 to 22, for 
use in a diagnostic or therapeutic method in humans or animals. 



25 



31. A polypeptide, and/or a nucleic acid, and/or a recombinant cell, 
and/or an inhibitor as claimed in Claim 30 for diagnosis or treatment 
of cancer. 

30 32. A polypeptide, and/or a nucleic acid, and/or a recombinant cell, 
and/or an inhibitor as claimed in Claim 30 or 31 for diagnosis or 
treatment of lung cancer, breast cancer, prostate cancer, colon 



-47- 

cancer, cervix cancer, uterus cancer, farynx cancer, stomach cancer 
Kver cancer, Ewings sarkoma, acute lymphoid leukemia, chronic' 
myeloid leukemia, apoptosis resistent leukemia, MDR lung cancer 
pancreas cancer, gastric cancer, kidney cancer, gliomas,' 
B melanomas, chronic lymphoid leukemia, and/or lymphoma. 

33. A target substance for a polypeptide of any one of Claim 1-16 as 
described in Table 3 and/or Table 4. 

10 34. The target substance of Claim 33 which is a protein. 

35. The target substance of Claim 33 which is nucleic acid. 



16 



36. Use of a target substance of any one of the claims 33 to 35 for the 
Identification of new pharmaceutical agents. 

37. Pharmaceutical composition comprising as an active agent at least 
one of the target substances of any one of claims 33 to 35. 



20 
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Abstract 



5 



The present Invention relates to a cytotoxic polypeptide which Is ah 
L-ammo acid oxidase Isolated from the Ink of the sea hare Aplvsia 
punctata. 



10 Id 20.01.03 



SI2M 



4A 



N-terminal sequence: 



D-G-I-C-R-N-Q-R-Q 
Q V R p 



Internal peptide sequences 





Sequence 


1 


DSGLDIAVFEYSnp 


2 


LFXYQLPNTPDVNLEI 


3 


VISELGLTPK 


4 


XGDVPYDLSPEEK 


5 


VILAXPVYALN 


6 


ATQAYAAVRPIPASK 


7 


VFMTFDQP 


8 


SDALFFQMYD 


9 


SEASGDYILIASYADGLK 


10 


NQGEDIPGSDPQYNQVTEP(L)(K) 



underlined: primer sequence for RT-PCR 




1 


Oligo-dT 
DBuTaal 


tec taa cgt agg tct aga cct gtt gca ttt ttt 
ttt ttt ttt ttt 


2 


V-Fev 3 DTS 5' 


tc ata ttc oar tac tci aav ca 


3 


DBuTaal DTS 3' 


eta taa ate taa ace tat tac a 


4- 


AT1=HRace-3' 660 


-CGQ tat aaa tct caa tac cat. a 


5 


Abriaed Anchor 
Primer 


aac cac aco tea act aat aca nai inn nii 
y^^w vj\^\^ wvfi civ^jj y*' 

aaa iia 


6 


ATF Race 3' 436 


cea tta aat tat aaa cct 


7 


AUAP-EcoRI 


aatt aac cac aca tea act aat ac 


8 


ATF 5' Sign Eco 
Rl GEX/ET 


aa ttc teg tct get gtg ett etc et 


9 


ATF 3' Xhol 


aac tta aaa aaa ata ate att aa 



4C 



M S S A V L L 



GACGGTATCTGC 




<3TTaccTAcca<K:TG<xcaAcaaJS5^co??tS?Sc 




MAGAAAACCaQOG^icTSOTLMTAOTA^r^ 63 L N G 



S52E?^?5?CCftA<3GWTTCAAGGAAGG^TTCGC^:>.L.L ^ V 



AAAG^i^^^|^J^A^|^AL^eAGGTCTACAg?T^^ 
-AG«^CCAGGGAAATCTGGTCG^?^J§S^^^^ 



^<-OCTCAAACG.GAGGT?SSSg^GSSS 
TCOT«GACGAAGCCATOGABc,^SS?~S^ 



4C (cx}ntinuecl) 

VFTGEVTL^ASAVS LFDDHLGE 
GTCTTCACgGGAGAGGTCACCCTGQACGCGTCGGCTGTCTCCCTCTTCGACGACCACCTGGGAGAG 
GTCTTCACCGGAGAGGTCACCCTGG§CGCGTCGGCTGTCTCCCTCTTCGACGACCACCTGGGAGAG 
GTGTTCACCGGAGAgGTCACCCTGGACGCGTCGGCTGTCTCCCTCTTCGACGACCACCTGGGAGAG 

---_..j3..-...Y..._.y_..Q__g.._g___j___Y.._rj,__ E--G-.-L_...S..._.S__V_ P_ O G L L 

GACTACTATGGOiGTGAGATCTACACCCTAAAGGAAGGACTGTCTTCCGTcVcACAAGGGCT^^ 
GACTACTi^GCAGTGAGATCTAa^CCClpVAGGAAGGACTGTCTTCCGTCCCfflCAAGGGCTCCTA 
GACTACTATGGCAGTGAGATCTACACCCTAAAGGAAGGACTGTCTTCCGTCCCACAAGGGCTCCTA 



Q|MjFLDAADSNEPYPNSHLKALR 
CAGGCTTTTCTGGACGCCGCAGACTCCAACGAGTTCTATCCCAACAGCCACCTGAAGGCCCTQAGA 
CAGGCTTTTCTGGACGCCGCAGACTCCAACGAGTTCTATCCCAACAGCCACCTGAAGGCCCTGAGA 
CAGgCTTTTCTGGACGCCGCAGACTCGAACGAGTTCTATCCCAACAGCCACCTGAAGGCCCTGAGA 

RKTNGQYVLYPEPTTSKDGQTT 
CGTAAGACCAACGGTCAGTATGTTCTTTACTTTQAGCCCACCACCTCCAAGGATGGACAAACCACA 
CGTAAGACCAACGGTCAGTATGTTCTTTACTTTGAGCCCACCACCTCCAAGGATGGACAAACCACA 
CGTAAGACCAACGGTCAGTATGTTCTTTACTTTGAGCCCACCACCTCCAAGGATGGACAAACCACA 

INYLEPLQVVCAQR V T T. A M p v y 
ATaACTATCTGGAACCCCTGCAGGTTGTGTGTGa^Cl@VGAGTa^TCCTGGCCATGCCGGTjA|TAC 
ATCAACTATCTGGAACCCCTGCAGGTTGTGTGTGCAOlGAGAGTa^'lfflCTGGCCATGCCGGTCrAC 
ATCAACTATCTGGAACCCCTGCAGGTTGTGTGTGCACAQAQAGTCATCCTGGCCATGCCX3GTCTAC 

A Ti N QLDWNQLRN, DR ATrtAva^^y 

GCTCigAACCAACTgGACTGGAATCAGCTCAGAAATGACCGAGCCACCCAAGCGTACGCTGCCGlffl 
GCTCTCAACCAQTGGAgTGGAATCAGCTCAGAAATGACCGAGCCACCCAAGCGTACGCTGCCGTG 
GCTCTCAACOW^CTGGACTGGAATCAGCTCAGAAATGACCQAGCCACCCAAGCGTACGCTGCCGTG 

— B — E — I — E — a — S — K 3£ — E — M ^ t? n n p W W L E N E R 
CGCCCGATTCCTGCAAGTAAGGTGTTCATGgCCTTTGATCAGCCCTGGTGGTTGGAGAACQAGAGG 
CGCCCGATTCCTGCAAGTAAGGTGTTCATGACCTTTGATCAGCCCTGGTGGTTGGAGAACGAGAGG 
CGCCCGATTCCTGCAAGTAAgGTGTTCATGACCTTTGATCAGCCCTGGTGGTTGGAGAACGAGAGG 

K S W V T K S — D — Sk L P S n M V n W Q K !=i v. 

AAATCCTGGGTOVCCAAGTCGGACGCGCTTTTCZVGCCAAATGTACGACTGGCAGAAGTCTGAGGCG 
AAATCCTGGGTCACCAAGTCGGACGCGCTTTTCAGgCAAATGTACGACTGGCAGAAGTCTGAGGCG 
AAATCCTGGGTCACCAAGTCGGACGCG(nTTTCAGCCAAATGTACGACTGGCAGAAGTCTGAGGCG 

JO — X I L 7 A R V a n (!■ T. 



TCCGGAGACTACATCCTGATCGCCAGCTACGCCGACGGCCTCAAAGCCCAGTACCTGCGGGAGCTG 
TCCGGAGACTACATCCTGATCGCCAGCTACGCCGACGGCCTCAl^GCCCAGTACCTGCGGGAGCTG 
TCCGGAGACTACATCCTGATCGCCAGCTACGCCGACGGCCTCAAAGCCCAGTACCTGCGGGAGCTG 

K Ji—Q — G — E — D — I — E — Q — S D E QvwnvTBPT. ir 

AAGAATCAGGGAGAGGACATCCOVGGCTCTGACCCAGGCTACAACCAGGTfflACCGAACCCCTCAAG 
AAGAATCAGGGAGAGGACATCCaVGGCTCTQACCCAGGCTACAACCAGGTCACCGAACCCCTCAAG 
AAGAATCAGGGAGAG6ACATCCCAGGCTCTGACCCAGGCTACAACCAGGTCACCGAACCCCTCAAG 



4C (continued) 

-TGGAGGGC^GGC 

VINDYFL- 
GTCATCAACGACTACTTCCTCTAA 
GTCATCAACGACTACTTCCTCTAA 
GTCATCAACGACTACTTCCTCTAA 



4D 

VS 



MSSAVLLIACALVISVHADGICI^RQCiniEVCGSTYD|™ 
10 20 .30 40 



^ Q H s 



50 60 



70 80 



5A 0.121 



0.10 



0.08- 



0.04- 



0.02- 



0.00- 



- 


h 




+/- 


• * 




J 





18 



22 



26 



30 



34 



5B 



minutes 
m 24 27 29 



91 i 




51 




34 



1' 




++ 



5 




I — 1 1 

300 400 500 600 
nm 



6C 120 




Table 1 



EAA 

(essential amino acids) 


NEAA 

(non-essential aino 
acids) 


L-araFnlne HCI T 26.4 mg/l 


"L-araning 879-mg/r 


L-cvstine 24.02 ma/I 


L-asparaaine 13.2 mq/l 


L-histidine- 41 .92 mg/l 
HCIH20 


L-aspartlc-acid 13.3 mg/l 


L-isoleucine 52.46 mg/l 


L-alutamic acid 14.7 mq/l 


L-leucine 52.46 ma/I 


alvcine 7.5 ma/i 


L-lvsine HCI 73.06 ma/I 


L-prolin 1 1 .5 ma/I 


L-methionine 14.92 mg/l 


L-serine 10.5 mq/l 


L-phenylalanine . 33.02 mg/l 




L-threonine 47.64 mg/l 




L-tryptophane 10.2 mg/l 




L-tyrosine 36.22 ma/I 




L-vallne 46.86 mg/l 





Single amino acids 


histidine HCI H20 


20 ma/I 


isoleucine 


50 mq/l 


leucine 


50 ma/I 


methionine 


15 ma/I 


Dhenylalanine 


15 ma/I 


threonine 


20 ma/I 


tyrosine 


20 ma/I 


arainineHCI 


240 ma/I 


Ivsine 


40 ma/I 


D-lysine 


40 mg/l 


cystine 


50 ma/I 


tryptophane 


5 mg/l 


valine 


20 ma/I 


qlutamine 


300 ma/I 




Arg Lys EAA NEAA control 

(-Arg.Lys) 



7C 60 -1 




control APIT 




L-amino acid a-imino acid a-l<eto acid 




CM »^ R I 
^ Ol h 



CQ u o 
^ CQ CQ 

CO 



CO CO CO 

■Mi SHW 

E E £ 

0) 0) 0) 

^ ^ ^ 

3 3 3 
^ J) 

s "55 "flS ^ 
g o o o 

I- CD 



2.012.4 





> 


t 


1 




E 


+ 


• 


+ 


■ 


+ 


+ 


1 


+ 


+ 




■ 


• 


E 


E 


+ 


• 


■ 


t 


1 


+ 


E 


E 


jswissprot 


IP04075 


1 


IQ16836 


IP11586 


P00367 




IP23528 


IP31146 


P09622 




IP33991 


Oi 
CO 
C3) 
CM 
Q. 


IQ05524 1 


P04406* 
P04406* 


IQ96FZ6 


IP10809 


Q8N1C8 


P07910 


Q9P037 


P12268 1 


P50213 { 




Q9UMS4 { 


P80303 ( 


Q15233 ( 


Q06830 ( 


Q06830 


1 NCBI version 


I1ALD 


IS65491 j 


00 

o 
o 

s 

CQ 


IP11586 ! 


1L1F_A i 
NP_005262.1 j 


CO 

a> 

00 

o 

Z' 

z 


|NP_005498.1 ! 


to 
o 
o 

CD 
O 

z 

z 


NP_000099.1 


ICAC14088.1 1 




IP29692 


T— 

C3!> 

.T— 

o 

z 


CAA25833.1 ! 
CAA37794.1 I 


AAH10112.1 i 


NP 002147.1 1 


NP_004125.1 : 


NP 004491.1 1 


AAF29081.1 i 












Q15233 ! ( 






P12268 


NP 005521.1 


NP_003676.1 


NP 055317.1 i 


i 

o 
m 
o 

z 

■y 


Q06830 ! 


U) 

to 

SI 

Z 


INCBI 


I1ALD 


IS65491 


IAAB54008 


IP11586 


1L1F_A 

NP_005262 ' 


|NP_008937 


|NP_005498 


900600 dNl 


660000 dN 


ICAC14088 . 




CM 
Oi 
CO 
O) 
CM 

Q. 


|NP_001419 


CAA2S833 
CAA37794 


IAAH10112 


NP 002147 


NP_004125 


NP_004491 . 1 


AAF29081 1 


P12268 . 1 


NP_005521 1 


NP_003676 . { 


NP_055317 { 


NP_005004 { 


Q15233 { 


Q06830 ( 


in 

CO 

I 


*5 


1229674 


12134660 


12078327 


1115206 


20151189 
4885281 


15901926 


15031635 


15902134 


4557525 


112314022 


11705520 1 


120141357 


14503571 


31645 
35053 


114603309 


14504521 


4758570 


4758544 


6841456 


124419 


5031777 1 


4504865 1 


7657381 1 


4826870 1 


13124797 { 


548453 ( 


4505591 


{Description 


lAldoIase A (E.C.4.1 .2.13) 


(268 proteasome regulatory chain 12 


|3-Hydroxyacyl-CoA dehydrogenase 


|C-1-tetrahydrofolate synthase, cytoplasmic (C1-THF synthase) 


Chain A, Structure Of Human Glutamate Dehydrogenase-Apo Form 
or Glutamate dehydrogenase 1 


{Cleavage and polyadenylation specific factor 5, 25 kD subunit 


ICofilin 1 


iCoronin, actin binding protein. 1 A 


Dihydrolipoamide dehydrogenase precursor; E3 component of pyruvate 
dehydrogenase 


|dJ553F4.4 (Novel protein similar to Drosophila CG8055 protein) I 


|DNA replication licensing factor MCM4 


lEIongation factorl-delta (EF-1-delta) 


{Enolase 1, alpha; phosphopyruvate hydratase 


Glyceratdehyde-3-phosphate dehydrogenase 
or uracil DNAglycosylase 


(Heat shock 60kD protein 1 (chaperonin) 


(Heat shock 60kDa protein 1 (chaperonin) 


[Heat shock 70kD protein 9B (mortalin-2) 


(Heterogeneous nuclear ribonucleoprotein C, isoform b 


(Hspc117 


{lnosine-5'-monophosphate dehydrogenase 2 (IMP dehydrogenase 2) 


(Isocitrate dehydrogenase 3 (NAI}-<-) alpha | 


[KH-type splicing regulatory protein (FUSE binding protein 2) j 


(Nuclear matrix protein NMP200 related to splicing factor PRP19 | 


(Nucleobindin 2 { 


(54 kOa nuclear RNA- and DNA-bindlng protein (p54(nrb)) (p54nrb) { 


(Peroxiredoxin 1 (Thioredoxin peroxidase 2) ( 


Peroxiredoxin 1; Proliferation-associated gene A; proliferation-associated 
gene A 



2112.4 



j effect 


1 


1 


t 


+ 
+ 


+ 
+ 


+ 
+ 


+ 
+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 




+ 


+ 


+ 


+ 


+ 


+ 


1 pir/NCBI/swissp 


|NP_005434.1 


|ref.NP_002904.2 


|ref:NP_036212.1 


|sp:P18146 


|ref:NP_001839.1 


|pir:l53020 


|ref:NP_056490.1 


|sp:P05412 


|sp:P25685 


|pir:A42861 


|sp:Q12852 


|ref:NP_003946.1 


|ref:NP_005998.1 


|prf:1920360A 


a> 

CO 

s 

o 

CM 


sp:O00268 | 


pir:S46268 


pdb:1IB3 


sp:P58004 1 


sp:Q13118 


ref:NP 003363.1 


ref:NP^005793.1 1 


pinQRHUBE | 


ref:NP^004410.2| 


ref:NP_006635.1 J 


sp:Q15651 1 


pir:C34223 | 


sp:Q01518 1 


ref:NP 071434.1 1 


sp:Q9NSE2 1 


pir:A43932 | 


o> 


14885537. 


115011931 


16912346 


1119242 


115011913 


12135146 


19945332 ; 


1135298 : 


11706473 ; 


1346403 : 


118202489 


14507235 ; 


15174755; 


1450068 i 


1740170 


13024681 ; 


10822371 


14277945 


13633882 


113870501 


00 

1^ 
o 
in 


5032191' 


o 

CO 
CO 

o 

o 


CO. 
CO 

in 
o 

CN 


o> 

N- 

CO 
03 
CVJ 
N- 

in 


in 
o> 

CM 


88875 i| 


399184 : | 


11545896|i 


13124022|i 


21357651 li 


IGENE 


IPAPSS1 


IRFCI 


IDXF68S1E 


lEGRI 


IC0L6A1 


IRGS2 


IGADP45B 


JUN 


jDNAJBI 


|TTK;. 


IIVIAP3K12 


lSSI-3 


IZNF216 


|CNR2 




MGC3232 


SCA1 


PUM2 




TIEG 


VBP1 


TP53BPL 1 


ADRB3 1 


DUSP5 1 


HSP105B 


HMGN3 1 


ATF3 1 


CAP 1 


MAP-1 1 


CISH 1 




1 Description 


1 3 -pliosphoadenosine 5 -phosphosulfate synthase 1 


(replication ^ctor C (activator 1)1, 145kDa 


|DNA segment, numerous copies, expressed probes (GS1 gene) 


1 early growth response 1 


■collagen, type VI, alpha 1 


1 regulator of G-protein signalling 2, 24kDa 


{growth arrest and DNA-^lamage-inducible, beta 


1 v-jun sarcoma virus 17 oncogene homolog (avian) 


|DnaJ (Hsp40) homolog, subfmaily B, member 1 


|TTK protein kinase 


Imltogen-activated protein kinase kinase kinase 12 


{suppressor of cytokine signaling 3 


|zinc finger protein 216 


Icannabinoid receptor 2 (macrophage) 


|EST,FLJ25357 hypothetical protein FLJ25357 | 


hypothetical protein MGC3232 


spinocerebellar ataxia 1 (olivopontocerebeiiar ataxia 1. autosomal dominant, ataxin 1) 


pumiiio homolog 2 (Drosophila) 


EST, Highly similar to SES2_HUMAN Sestrin 2 (H.sapiens] 


TGFB inducible early growth response 


von Hippel-Undau binding protein 1 


tumor protein p53-binding protein 


adrenergic, beta-3-. receptor | 


dual specificity phosphatase 5 | 


heat shock 105I<D | 


high mobility group nucleosomal binding domain 3 | 


activating transcription factor 3 | 


adenylyl cyclase-associated protein | 


modulator of apoptosis 1 | 


cytokine inducible SH2-containing protein | 


ESTs. Weakly similar to A43932 mucin 2 precursor, intestinal - human (fragments) | 




IHs.3833 


lHs.166563 


lHs.78991 


|Hs.326035 


1 Hs.1 08885 


lHs.78944 


|Hs.1 10571 


lHs.78465 


lHs.82646 


|Hs.16g840 


lHs.211601 


lHs.345728 


lHs.3776 


|Hs.73037 


|Hs.167578 i 


|Hs.8715 1 


|Hs.74520 


|Hs.6151 


|Hs.8026 


|Hs.82173 


|Hs.1 98307 


lHs.179982 


|Hs.2549 1 


|Hs,2128 1 


lHs.36927 1 


lHs.77558 1 


iHs.460 1 


lHs.104125 i 


|Hs.24719 1 


lHs.8257 |i 


|Hs.101383 |i 
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Aplysia lI-02-N9v-12.ST25.txt ^U. Jan. CUU3 

SEQUENCE LISTING 02-12.02 

<1X0> ««.«™<*.<,,.exx,c>„*. ^ «i,.e„.c^««. . „ 

<120. P„.,i„ ^^^^^^^ ^^^^^ ■ . 

<130> (Filename) 

<iso> 6 Jan. 2803 

<170> Patentin version 3.1 

<210> 1 

<211> 1608 

<212> DNA 

<213> Aplysia punctata 
<220> 

<22l> CDS 

<222> (1),. (1608) 
<223> 



<400> 



«S .'2 S p - 2? ^ 

J?J i!J IS ?J! ?S 12 fg p ga 

s IS? ss I?? SI |s ^ IS - 2s IS jji Si ?a 

60 

S2 IS £J SI -! g= ^ 2S ?s - |g 2? 

80 

l?S ?S S° ?g ^= 2g IJg att ggc ggc atg agg ttc ate 

85 JJ« <31y Giy Met Arg Phe lie . 

I" SI S| SS ^« 2S - - - IS go 
'JS SS ^ IS Ig 22 l£ !^ IJI 4' «^ 

140 

SI f.? SSS Sp= 2S SI? I- IS - gja ^ 

155 160 

^ ?2 J?? g 2? - ^ if? 2; 3=S 2S IS 

175 

?ag ccg etc aaa cot gag otfc or^« 

^ gag gtt gcg ctt aaa eta acc gtg ccg gac ggc 



48 



96 



144 



192 



240 



288 



336 



384 



432 



480 



528 



576 



Aplysia II- 02 -Nov- 12 .ST2 5 . txt 

Glu Pro Leu Lys Arg ^^Bval Ala Leu Lya Leu Thr Val Pro ilHIsiv 
180 ^ 185 190 

aga ttc etc. tat gac etc teg ttt gae gaa gee atg gat ctg gtt gee 
Arg Phe Leu Tyr Asp Leu Ser Phe Asp Glu Ala Met Asp Leu Val Ala 
195 200 205 

tec ect gag ggc aaa gag ttc ace cga gac acg cac gtc ttc aca craa 
Ser Pro Glu Gly Lys Glu Phe Thr Arg Asp Thr His Val Phe Thr Gly 
210 215 . * 220 

gag gtc acc ctg gac gcg teg get gtc tec etc ttc gac gac cac eta 
Glu Val Thr Leu Asp Ala Ser Ala Val Ser Leu Phe Asp Asp His Leu 
225 230 235 240 

gga gag gac tac tat ggc agt gag ate tac acc l;ta""aag" gs^g^ ' cta^ 
Gly Glu Asp Tyr Tyr Gly Ser Glu lie Tyr Thr Leu Lys Glu Gly Leu 
245 250 255 

tet tec gtc cea caa ggg etc eta cag get ttt ctg gac gee gca gac 
Ser Ser Val Pro Gin Gly Leu Leu Gin Ala Phe Leu Asp Ala Ala Asp 
260 265 270 

tec aac gag ttc tat cec aac age cac ctg aag gee ctg aga egt aag 
Ser Asn Glu Phe Tyr Pro Asn Ser His Leu Lys Ala Leu Arg Arg Lys 
275 280 285 

acc aac ggt cag tat gtt ett tac ttt gag cec acc ace tec aag gat 
Thr Asn Gly Gin Tyr Val Leu Tyr Phe Glu Pro Thr Thr Ser Lys Asp 
290 295 300 

gga caa ace aca ate aac tat ctg gaa ece ctg cag gtt gtg tgt gca 
Gly Gin Thr Thr He Asn Tyr Leu Glu Pro Leu Gin Val Val Cys Ala 
305 310 315 320 

caa aga gtc ate ctg gee atg ccg gta tac get ctg aac caa eta gac 
Gin Arg Val He Leu Ala Met Pro Val Tyr Ala Leu Asn Gin Leu Asp 
325 330 335 

tgg aat cag etc aga aat gac cga gee ace caa gcg tac get gee gtt 
Trp Asn Gin Leu Arg Asn Asp Arg Ala Thr Gin Ala Tyr Ala Ala Val 
340 345 350 

cge ccg att ect gca agt aag gtg ttc atg tec ttt gat cag cec tgg 
Arg Pro He Pro Ala Ser Lys Val Phe Met Ser Phe Asp Gin Pro Tro 
355 360 365 

tgg ttg gag aac gag agg aaa tec tgg gtc acc aag teg gac gcg ett 
Trp Leu Glu Asn Glu Arg Lys Ser Trp Val Thr Lys Ser Asp Ala Leu 
370 375 380 

ttc age caa atg tac gac tgg cag aag tet gag gcg tec gga gac tac 
Phe Ser Gin Met Tyr Asp Trp Gin Lys Ser Glu Ala Ser Gly As^ Tyr 
385 390 395 400 

ate ctg ate gee age tac gee gae ggc etc aaa gee cag tac ctg egg 
He Leu He Ala Ser Tyr Ala Asp Gly Leu Lys Ala Gin Tyr Leu Arg 
405 410 415 

gag ctg aag aat cag gga gag gac ate cea ggc tet gac eca ggc tac 
Glu Leu Lys Asn Gin Gly Glu Asp He Pro Gly Ser Asp Pro Gly Tyr 
420 425 430 

aac cag gtt acc gaa cec etc aag gac acc att ett gae cac etc act 
Asn Gin Val Thr Glu Pro Leu Lys Asp Thr He Leu Asp His Leu Thr 
435 440 445 

gag get tat ggc gtg gag cga gac teg ate ccg gaa cec gtg ace gee 
Glu Ala Tyr Gly Val Glu Arg Asp Ser He Pro Glu Pro Val Thr Ala 
450 455 460 

get tee cag ttc tgg aca gac tac ccg ttt ggc tgt gga tgg ate ace 
Ala Ser Gin Phe Trp Thr Asp Tyr Pro Phe Gly Cys Gly Trp He Thr 

2 



Aplysia II-02-Nov-12.ST25.txt 

465 A A 02.12.02 

475 ^480 



1^ HI 1^ JJ| S,' SI £1 fej ?f = IS l£ Sel SI 

490 495 

ISJ 22 5j SI IS ?l? ^ ?2 IS ^ IS ^ 
^ 21 in IS IS ^ IS 112 £1 22 S2 ^ IS a; SS 



gtc ate aac gac tac ttc etc taa 

Val He Asn Asp Tyr Phe Leu 3.608 
530 535 

<210> 2 

<21X> 535 

<212> PRT 

<213> Aplysia pimctata 



<400> 2 

Met Ser Ser Ala Val Leu Leu Leu Ala Cys Ala Leu Val lie Ser Val 
* 10 15 



His Ala Asp Gly He Cys Arg Asn Arg Arg Gin Cys Asn Arg Glu Val 

25 30 

cys Gly ser Thr Tyr Asp Val Ala Val Val Gly Ala Gly Pro Gly Gly 

40 45 

Ala Asn Ser Ala Tyr Met Leu Arg Asp Ser Gly Leu Asp He Ala Val 

55 60 

Phe Glu Tyr Ser Asp Arg Val Gly Gly Arg Leu Phe Thr Tyr Gin Leu 

. ^° '5 80 

Pro Asn Thr Pro Asp Val Asn Leu Glu lie Gly Gly Met Arg Phe He 
Glu Gly Ala Met His Arg Leu Trp Arg Val He Ser Glu Leu Gly Leu 

Thr Pro Lys Val Phe Lys Glu Gly Phe Gly Lys Glu Gly Arg Gin Arg 

3L25 



Phe O^-Leu Arg Gly Gin Ser Leu Xhr Lys Lys Gin Val Lys Ser Gly 

'■"'^ 140 

JJI val Pro Tyr Asp Leu Ser Pro Glu Glu Lys Glu Asn Gin Gly Asn 

155 IgO 

Leu val Glu Tyr Tyr Leu Glu Lys Leu Thr Gly Leu Gin Leu Asn Gly 



170 



3 



Aplysia II-02-NOV-12, ST25.txt 



Glu Pro Leu Lys Arg Glu Val Ala Leu Lys Leu Thr Val Pro Asp Glv 
"0 185 190 

Arg Phe Leu Tyr Asp Leu Ser Phe Asp Glu Ala Met Asp Leu Val Ala 

• 200 205 

of? '^^^ ^Sr Asp Thr His Val Phe Thr Gly 

210 215 220 

-Glu-Val-Thr- L-eu-Asp Ala-Ser- Ala-Vai-Ser-Leu-Phe-Asp- Asp -H±s-iieur- 
225 230 235 240 

Gly Glu Asp Tyr Tyr Gly Ser Glu lie Tyr Thr Leu Lys Glu Gly Leu 
245 250 255 

Ser Ser Val Pro Gin Gly Leu Leu Gin Ala Phe Leu Asp Ala Ala Asd 
260 265 270 

Ser Asn Glu Phe Tyr Pro Asn Ser His Leu Lys Ala Leu Arg Arg Lys 
275 280 285 

Thr Asn Gly Gin Tyr Val Leu Tyr Phe Glu Pro Thr Thr Ser Lys Asd 
290 295 300 

Gly Gin Thr Thr lie Asn Tyr Leu Glu Pro Leu Gin Val Val Cys Ala 

310 315 ^ 320 

Gin Arg Val He Leu Ala Met Pro Val Tyr Ala Leu Asn Gin Leu Asn 
325 330 335 ^ 

Trp Asn Gin Leu Arg Asn Asp Arg Ala Thr .Gin Ala Tyr Ala Ala Val 
340 345 350 

Arg Pro He Pro Ala Ser Lys Val Phe Met Ser Phe Asp Gin Pro Trp 
355 360 365 

Trp Leu Glu Asn Glu Arg Lys Ser Trp Val Thr Lys Ser Asp Ala Leu 
370 375 380 

Phe Ser Gin Met Tyr Asp Trp Gin Lys Ser Glu Ala Ser Gly Asp Tyr 

390 395 400 

He Leu He Ala Ser Tyr Ala Asp Gly Leu Lys Ala Gin Tyr Leu Ara 
405 410 415 

Glu Leu Lys Asn Gin Gly Glu Asp He Pro Gly Ser Asp Pro Gly Tvr 
420 425 430 

Asn Gin Val Thr Glu Pro Leu Lys Asp Thr He Leu Asp His Leu Thr 
435 440 445 



Glu Ala Tyr Gly Val Glu Arg Asp Ser He Pro Glu Pro Val Thr Ala 
450 455 460 



Aplysia II-02-Nov-l2.ST2S.txt 
Ala ser Gin Phe Trp ryr Pro Phe Gly Cys Gly Trp iTrhr 

^"^^ 480 
Trp «r3 *la Gly hi. Ph. ^^p «p j „^ ..^ Met ^ ^ 

pro S,r L.U Ly. Aap Olu Val Tyr Val Val Oly «1. Asp Tyr Ser Trp 

510 

Gly L.U lie Ser Ser Trp XI. aiu Gly Ala Leu alu ^ s.r Glu »an 



525 



Val He Asn Asp Tyr Phe Leu 
"0 535 



•c210> 3 

<211> 1605 

<212> DNA 

<213> Aplysia punctata 

<220> 

<221> CDS 

<222> (1) , . (1605) 

<223> 

<220> 

<221> sig_peptide 

<222> (1) , . (51) 

<223> signal peptide not complete 

<400> 3 



02.12.02 



t^r 12 ?a 2; - m is ^li ?a si sj 

isiSG^jgfgijtsss^lpisgiss-igJags 
12 '^^^si SI ?g if? L°i if? i 

2S SI 2i2 E= - - «2 gc ,g .J. 

fS ?S s'SJ ti; S fg G^? I?? S 2? 2! P=SS 

'5 80 



96 



144 



192 



T^lysia lI-02-Nov-12.ST2S.txt 

Asn Thr Pro Asp Val ^^eu Glu lie Gly Gly Met Arg Phe iWllu 

85 90 95 

2?° ff° f^? gtc att tea gaa etc ggc eta acc 336 

Gly Ala Met His Arg Leu Trp Arg Val lie Ser Glu Leu Gly Leu Thr 
100 105 110 

ccc aag gtg ttc aag gaa ggt ttc gga aag gag ggc aga cag aga ttt 384 
Pro Lys Val Phe Lys Glu Gly Phe Gly Lys Glu Gly A^g Gin ^ Phe 
115 .120 125 

tac ctg egg gga cag age ctg ace aag aaa eag gtc aag agt ggg gae 432 
Tyr Leu Arg Gly Gin Ser Leu Thr Lys Lys -Gin Val Lys Ser Gly Asp 
13" 135 140 

fr^f 3*sr aaa gaa aac ~cag~ggr'aat~^g lJo~ 

Val Pro Tyr Asp Leu ser Pro Glu Glu Lys Glu Asn Gin Gly Asn LeS 
145 150 155 160 

?J^f 5^° °*^Sr aca ggt eta caa etc aat ggt gaa 528 

Val Glu Tyr Tyr Leu Glu Lys Leu Thr Gly Leu Gin Leu Asn Gly Glu 
165 170 175 

cog etc aaa cgt-gag gtt geg ctt aaa eta ace gtg ccg gae ggc aga 576 
Pro Leu Lys Arg Glu Val Ala Leu Lys Leu Thr Val Pro Asp Gly Arg 
180 185 190 

f*^*' '^^Sr ttt gae gaa gcc atg gat ctg gtt gcc tec 624 
Phe Leu Tyr Asp Leu Ser Phe Asp Glu Ala Met Asp Leu Val Ala Ser 
195 200 205 

cct gag ggc aaa gag ttc acc cga gae acg cac gtc ttc acc gga gag 672 
Pro Glu Gly Lys Glu Phe Thr Arg Asp Thr His Val Phe Thr Gly Glu 
210 215 220 

S*^? ttc gae gae cac otg gga 720 

Val Thr Leu Gly Ala Ser Ala Val Ser Leu Phe Asp Asp His Leu Gly 
225 230 235 240 

gag gae tac tac ggc agt gag ate tac acc etc aag g£» gga ctg tct 
Glu Asp Tyr Tyr Gly Ser Glu lie Tyr Thr Leu Lys Glu Gly Leu Ser 
245 250 255 

tec gtc cct caa ggg etc eta cag get ttt ctg gae gcc gca gae tee 
Ser val Pro Gin Gly Leu Leu Gin Ala Phe Leu Asp Ala Ala Asp Ser 
260 265 270 

aac gag ttc tat ccc aac age cac ctg aag gcc ctg aga egt aag acc 
Asn Glu Phe Tyr Pro Asn Ser His Leu Lys Ala Leu Arg Arg L\4 Thr 
275 280 285 

aac ggt cag tat gtt ctt tac ttt gag ccc ace ace toe aag gat eieia 912 
Asn Gly Gin Tyr Val Leu Tyr Phe Glu Pro Thr Thr Ser Lys Aso Glv 
290 295 300 >^ r 

caa acc aca ate aac tat ctg gaa ccc ctg cag gtt gtg tgt oca caa 96 o 

Gin Thr Thr He Asn Tyr Leu Glu Pro Leu Gil Val Val C?s Ala Gil 

TTrt •H^r* 



02.12.02 



3X0 315 



320 



768 



816 



864 



1008 



aga gtc att ctg gcc atg ccg gtc tac get etc aac cag ttg gat tcra 
Arg Val lie Leu Ala Met Pro Val Tyr Ala Leu Asn Gin Leu Asp Trp 
325 330 335 

aat cag etc aga aat gae cga gcc ace caa geg tac get gcc gtg cqc lOSS 
Asn Gin Leu Arg Asn Asp Arg Ala Thr Gin Ala Tyr Ala Ala Val Arg 
340 345 350 

ccg att cct gca agt aag gtg ttc atg acc ttt gat cag ccc tgg tog ii04 
Pro lie Pro Ala Ser Lys Val Phe Met Thr Phe Asp Gin Pro Tro Trp 
355 360 365 

ttg gag aac gag agg aaa tec tgg gtc acc aag teg gae geg ctt ttc 1152 
Leu Glu Asn Glu Arg Lys Ser Trp Val Thr Lys Ser Asp All Leu Phe 

6 



Aplysia II-02-Nov-12.ST25,txt 



370 



375 



380 



agt caa atg tac gac tgo caa aarr 

S« ^ J2 ^ tec „^ 

395 AfiA 

ctg ate gcc age tac ace oar- rrrr« 

-u s„ Si - m s - g 

ctg aag aat cag gga gag aac 

JX„ 3., |,S -I SI |« |« cca gc ^= 

12 ?S ISS 2S III ^ ?" ?" CO act 

*3S Jfg 'to I^u JUp Hi. leu Thr 12 

445 

If? ?i? IS IS g| g= ^ cec jcc ^ec ^c. 

460 

^"^^ 480 

IS 1!? S| 5S Si IS IS S II? ?S SSf ^ ^= - 

495 

IS? 22 ^ IS ?g «f II U5 gc |« jac jcj ^ 

?S g IS ^ S,^ IJg 1= «g 50c |g ga 

ttc etc taa 
lie Asn Asp Tyr Phe Leu 
530 



02,12.02 



1200 



X248 



1296 



1344 



1392 



1440 



1488 



1536 



1584 



1605 



<210> 4 

<211> 534 

<212> PRT 

<213> Aplysia punctata 



<400> 4 

Ser Ser Ala Val Leu I^u l^u Ala Cys Ala Leu Val 



10 



lie Ser Val His 
15 



"a ^ „^ V- -9 ^ ^ 

" 30 

»y s« ^ ^ 

45 

Ijr iaa xyr .eu ^ ^ S,, ^ ^ 

60 

|XU ry. se. ^ v.. 31. ^ pj, ^ ^ ^„ 



75 
7 



60 



Aplysia II-02-Nov-12,ST25.t:xt 



Asn Thr Pro Asp Val Asn Leu Glu lie Gly Gly Met Arg Phe lie Glu 
85 90 95 

Gly Ala Met His Arg Leu Trp Arg Val He Ser Glu Leu Gly Leu Thr 
100 105 110 

Pro Lys Val Phe Lys Glu Gly Phe Gly Lys Glu Gly Arg Gin Arg Phe 
115 120 125 

-3?yr-Leu-Arg...Gly_.Gla_Ser_L.eujrhr Lys Lys_Gln Val Lys Ser Gly Asp 
130 135 " ^146 

Val Pro Tyr Asp Leu Ser Pro Glu Glu Lys Glu Asn Gin Gly Asn Leu 
145 150 155 160 

Val Glu Tyr Tyr Leu Glu Lys Leu Thr Gly Leu Gin Leu Asn Gly Glu 
165 170 175 

Pro Leu Lys Arg Glu Val Ala Leu Lys Leu Thr Val Pro Asp Gly Arg 
180 185 190 

Phe Leu Tyr Asp Leu Ser Phe Asp Glu Ala Met Asp Leu Val Ala Ser 
195 200 ' 205 

Pro Glu Gly Lys Glu Phe Thr Arg Asp Thr His Val Phe Thr Gly Glu 
210 215 220 

Val Thr Leu Gly Ala Ser Ala Val Ser Leu Phe Asp Asp His Leu Gly 
225 230 235 240 

Glu Asp Tyr Tyr Gly Ser Glu He Tyr Thr Leu Lys Glu Gly Leu Ser 
245 250 255 

Ser Val Pro Gin Gly Leu Leu Gin Ala Phe Leu Asp Ala Ala Asp Ser 
260 265 270 

Asn Glu Phe Tyr Pro Asn Ser His Leu Lys Ala Leu Arg Arg Lys Thr 
275 280 285 

Asn Gly Gin Tyr Val Leu Tyr Phe Glu Pro Thr Thr Ser Lys Asp Gly 
290 295 300 

Gin Thr Thr He Asn Tyr Leu Glu Pro Leu Gin Val Val Cys Al^ Gin 
305 310 315 320 

Arg Val He Leu Ala Met Pro Val Tyr Ala Leu Asn Gin Leu Asp Trp 
325 330 335 

Asn Gin Leu Arg Asn Asp Arg Ala Thr Gin Ala Tyr Ala Ala Val Arg 
340 345 350 

Pro He Pro Ala Ser Lys Val Phe Met Thr Phe Asp Gin Pro Trp Trp 
355 360 365 



8 



Aplysia II-02-Nov-l2.ST2S.txt 

Leu Glu Asn Glu Aro ^Vsst- Tr«-i 

370 Val Thr Lys Ser Asp Ala STphe 

380 

ser Gin Met Tyr Asp Trp Gin Lys Ser Glu Ala Ser oi^ » ™. 
385 390 ' ser Gly Asp Tyr Xle 

400 

^ II. Ala S.. rjr. Ala Aap .„y J„ Al, om ^ ^„ 

415 

Leu r.ys Asn Gin Gly Glu Asp He Pro m« » 

420 ' ^ Ser Asp Pro Gly Tyr Asn 

430 

Gin Val Thr Glu Pro Leu Lys Asd Thr ti-» r 

435 ^ ^5 ^ lie Leu Asp His Leu Thr Glu 

445 



Ala ^ alj, val Olu Arg Aap ser Xla Ar, «u Pro Val xhr Al. Ala 



460 



ser «n P.X. xn, Thr Asp p., ^. Trp He Tto Trp 

A.^ Ala Oly Ph, «a ph, «p ^.1 11. s.r Thr M.. Ar, ^ p„ 

495 

ser x^u I.y. Asp 81„ val Tyr Val Val «ly Ala Aap Tyr s.r Trp aiy 

Leu lie ser Ser Trp He Glu Gly Ala l.eu Glu ser Glu Asn 



520 5~ — Val 



Xle Asn Asp Tyr Phe Leu 
530 



<210> 5 

<21X> 1554 

<212> DNA 

<213> Aplysia punctata 
<220> 

<221> CDS 

<222> (1) . . (1554) 

<223> 

<400> 5 



piify us IS SfS ^ go 

?S ?S || ?2 1!i ?S ?3 p IJI ^ g« -o 

30 



48 



96 



02 . 12 . 02 
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tec gcc tac atg ctg ^j^gac tec ggc ctg gac ate get gtg t^^rag 

Ser Ala Tyr Met Leu Arg Asp Ser Gly Leu Asp lie Ala Val Phe Glu 
35 40 45 

tac tea gac ega gtg ggc ggc egg ctg ttc acc tac cag ctg ccc aac 
Tyr Ser Asp Arg Val Gly Gly Arg Leu Phe Thr Tyr Gin Leu Pro Asn 
50 55 60 

aca ccc gac gtt aat etc gag att ggc ggc atg agg ttc ate gag ggc 
Thr Pro Asp Val Asn Leu Glu lie Gly Gly Met Arg Phe lie Glu Gly 
65 70 75 80 

gcc atg cac agg etc tgg agg gtc att tea gaa etc ggc eta ace ccc 
Ala--Met~His-Arg„Leujrrp„AKg_Yal_Ile Ser Glu Leu Gly Leu Thr Pro 
85 90 35" 

aag gtg ttc aag gaa ggt ttc gga aag gag ggc aga cag aga ttt tac 
Lys Val Phe Lys Glu Gly Phe Gly Lys Glu Gly Arg Gin Arg Phe Tyr 
100 105 110 

ctg egg gga cag age ctg acc aag aaa cag gtc aag agt ggg gac gta 
Leu Arg Gly Gin Ser Leu Thr Lys Lys Gin Val Lys Ser Gly Asp Val 
115 120 125 

ccc tat gac etc age ecg gag gag aaa gaa aac cag gga aat ctg gtc 
Pro Tyr Asp Leu Ser Pro Glu Glu Lys Glu Asn Gin Gly Asn Leu Val 
130 135 140 

gaa tac tac ctg gag aaa ctg aca ggt eta aaa etc aac ggc gga ccg 
Glu Tyr Tyr I*eu Glu Lys Leu Thr Gly Leu Lys Leu Asn Gly Gly Pro 
145 150 155 160 

etc aaa cgt gag gtt gcg ett aaa eta acc gtg ccg gac ggc aga ttc 
Leu Lys Arg Glu Val Ala Leu Lys Leu Thr Val Pro Asp Gly Arg Phe 
165 170 175 

etc tat gac etc teg ttt gac gaa gcc atg gac ctg gtt gcc tec act 
Leu Tyr Asp Leu Ser Phe Asp Glu Ala Met Asp Leu Val Ala Ser Pro 
180 185 190 

gag ggc aaa gag ttc acc ega gac acg cac gtg ttc acc gga gaa gtc 
Glu Gly Lys Glu Phe Thr Arg Asp Thr His Val Phe Thr Gly Glu Val 
195 200 205 

acc ctg gac gcg teg get gtc tec etc ttc gac gac cac ctg gga gag 
Thr Leu Asp Ala Ser Ala Val Ser Leu Phe Asp Asp His Leu Gly Glu 
210 215 220 

gac tac tat ggc agt gag ate tac acc eta aag gaa gga ctg tet tee 
Asp Tyr Tyr Gly Ser Glu He Tyr Thr Leu Lys Glu Gly Leu Ser Ser 
225 230 235 '240 

gtc cea caa ggg etc eta cag act ttt ctg gac gee gca gac tec aac 
Val Pro Gin Gly Leu Leu Gin Thr Phe Leu Asp Ala Ala Asp Ser Asn 
245 250 255 

gag ttc tat ccc aac age cac ctg aag gcc ctg aga cgt aag acc aac 
Glu Phe Tyr Pro Asn ser His Leu Lys Ala Lsu Arg Arg Lys Thr Asn 
260 265 270 

ggt cag tat gtt ctt tac ttt gag ccc ace ace tec aag gat gga caa 
Gly Gin Tyr Val Leu Tyr Phe Glu Pro Thr Thr Ser Lys Asp Gly Gin 
275 280 285 

acc aca ate aac tat ctg gaa ccc ctg cag gtt gtg tgt gca cag aga 
Thr Thr He Asn Tyr Leu Glu Pro Leu Gin Val Val Cys Ala Gin Arg 
290 295 300 

gtc ate ctg gcc atg ccg gtc tac get etc aac caa ctg gac tgg aat 
Val He Leu Ala Met Pro Val Tyr Ala Leu Asn Gin Leu Asp Trp Agji 
305 310 315 320 

10 



Aplysia 11-02 -Nov- X2 . ST25 , txt 

• " - ^ mil f?f If r ff= - 



Oln Leu Arg Asn Asp 
325 



02.12.02 



^Ala Th^^ i--rr J^"^ act gcc gtg d^Fcca 
Ala Thr Gin Ala Tyr Ala Ala Val 2^1?? 

335 



att cct gca agt aaa gtg ttc atcr ar./- f.*-*. 
XX, M. sej .ys ?a! SJ? ?S IS ^ IS 

•^^^ 350 

I!? ^ I- g 2S JSI 

IS S? Sp= ^ SJI j-Ji 12 |g 2 m S 22 

ate gcc age tac gcc gac gcc etc aa;» rrr.^ 

ne Ma ser Lp §y 2S t^t fit S?? S« ^ fJJ ctj 

400 

SI t^n I?? IS S° g° I- tct gac cca ggc tac aac cag 
405 ^ ^ ^""^ fff Asp Pro Qly Tyr Asn gi2 

415 

2S ?S tn 2J S= 2S IS 111 
^ SI IS S SI 13 III I- IS v^f ^ S= fSi Ut 

445 

IS 11 5g ?S III |g |!5 ^ - gc acj ^ ^ 



gca ggc ttc cat ttt gat gac 
Ala Gly Phe His Phe Asp £p 

470 

ctg aaa gat gag gtc tac gtg 
Leu Lys Asp Glu Val Tyr Val 
485 

H*'^ ^Srg ata gag ggc 
He Ser Ser Trp He Glu Gly 
500. ^ 

aac gac tac ttc etc taa 
Asn Asp Tyr Phe Leu 
515 



vo? ^^"^ «2rc acc atg cgt cgc ccg tea 
val He Ser Thr Met A^g A^g p5| sS 

480 

v^? f ?° tec tgg gga ctt 

val Gly Ala Asp Tyr Ser T^ %fy 

495 

tit I?^ ^""^ ^^Sr gaa aac gtc ate 
Ala Leu Glu Thr Ser Glu Asn Val He 

510 



1008 



1056 



1104 



1152 



1200 



1248 



1236 



1344 



1392 



1440 



1488 



1536 



1554 



<210> 6 

<211> 517 

<212> PRT 

<213> Aplysia punctata 



<400> 6 

^ oiy xx>cys^^^^ ^ ^ 

15 

s« ^ ^ val val vax «a oly Pro »y oay ^ ^ 

30 



11 
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Ser Ala Tyr Met Leu J^j/^^sp Ser Qly lieu Asp Xle Ala Val Pj^^lu 

35 40 45 

Tyr Ser Asp Arg Val Qly Gly Arg Leu Phe Thr Tyr Gin Leu Pro Asn 
50 55 60 

Thr Pro Asp Val Asn Leu Glu lie Gly Gly Met Arg Phe lie Glu Gly 
65 70 75 80 

Ala Met His Arg Leu Trp Arg Val lie Ser Glu Leu Gly Leu Thr Pro 
85 90 95 

Lys Val Phe Lys Glu Gly Phe Gly Lys Glu Gly Arg Gin Arg Phe Tyr 
100 105 110 

Leu Arg Gly Gin Ser Leu Thr Lys Lys Gin Val Lys Ser Gly Asp Val 
115 120 125 

Pro Tyr Asp Leu Ser Pro Glu gIu Lys Glu Asn Gin Gly Asn Leu Val 

130 135 140 

Glu Tyr Tyr Leu Glu Lys Leu Thr Gly Leu Lys Leu Asn Gly Gly Pro 
145 150 155 160 

Leu Lys Arg Glu Val Ala Leu Lys Leu Thr Val Pro Asp Gly Arg Phe 
165 170 175 

Leu Tyr Asp Leu Ser Phe Asp Glu Ala Met Asp Leu Val Ala Ser Pro 
180 185 190 

Glu Gly Lys Glu Phe Thr Arg Asp Thr His Val Phe Thr Gly Glu Val 
195 200 205 

Thr Leu Asp Ala Ser Ala Val Ser Leu Phe Asp Asp His Leu Gly Glu 
210 215 220 

Asp Tyr Tyr Gly Ser Glu He Tyr Thr Leu Lys Glu Gly Leu Ser Ser 
225 230 235 240 

Val Pro Gin Gly Leu Leu Gin Thr Phe Leu Asp Ala Ala Asp Ser Asn 
245 250 255 

Glu Phe Tyr Pro Asn Ser His Leu Lys Ala Leu Arg Arg Lys Thr Asn 
260 265 270 

Qly Qln Tyr Val Leu Tyr Phe Glu Pro Thr Thr Ser Lys Asp Gly Gin 
275 280 285 

Thr Thr lie Asn Tyr Leu Glu Pro Leu Gin Val Val Cys Ala Gin Arg 
290 295 300 

Val He Leu Ala Met Pro Val Tyr Ala Leu Asn Gin Leu Asp Trp Asn 
305 310 315 320 



Qln Leu Arg Asn Asp Arg Ala Thr Gin Ala Tyr Ala Ala Val Arg Pro 

12 
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325 



330 



lie .ro Sjr Ly, v,l Thr P,„ «.p p„ ^ ^„ 

350 

Gl„ Asn 31U «s Ly, 3.r Trp Val Thr Lye Ser ^ «a Phe s.r 

365 

Gin ^ ««p xrp 01„ s„ „, 3„ ^ 

380 

11| Al. ser Tyr «. «^ oay Lys Al. Gin Ty. x,eu «g Glu L«. 

400 

Lys Asn Gin Gly Glu Asp ile P-rn rirr * 

405 • '''' f?^ ^^<=> Tyr Asn Gin 

415 

val Thr Glu Pro Leu Ly, Aep Thr Jle Leu Aap ai. Leu Thr Glu Ala 

430 

ry. Gly val Glu Arg Asp s« lie Pro Glu Pro Val Thr Ala Al. Ser 

445 

Gin Phe Trp Thr ASP Tyr Pro Phe Gly Cy. Gly Trp Ile Thr Trp Arg 
Ala Gly Phe His Phe A^ Aep Val xle Ser Thr .tet Ar, Arg Pro Ser 

Leu Lys Asp Glu Val Tyr Val val Gly Al. Aep Tyr Ser Trp Gly Leu 

495 

lie ser Ser Trp He Glu Gly Ala ^eu Glu ser Glu Asn Val He 



505 510 



Asn Asp Tyr Phe Leu 
515 



I 
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